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All identical particles are inherently correlated from the outset, regardless of how far apart their
creation took place. In this paper, this fact is used for extraction of entanglement from independent
particles unaffected by any interactions. Specifically, we are concerned with operational schemes
for generation of all tripartite entangled states, essentially the GHZ state and the W state, which
prevent the particles from touching one another over the entire evolution. The protocols discussed
in the paper require only three particles in linear optical setups with equal efficiency for boson,
fermion or anyon statistics. Within this framework indistinguishability of particles presents itself as
a useful resource of entanglement accessible for practical applications.
"The whole is other than the sum of its parts."
– Aristotle (Metaphysics, Book 8)
Introduction.—Indistinguishability brings a new qual-
ity into collective behaviour of quantum systems. The
symmetrisation postulate requires that all identical par-
ticles are described by an entangled state from the very
beginning. This in particular includes particles created
independently in remote regions of the universe. Since
otherness of entanglement manifests in non-local corre-
lations [1], therefore it should be in principle possible
to observe these effects extracted directly from the sym-
metrized state of independent identical particles too [2–
7]. In the second quantisation formalism this entangle-
ment is however masked by mode description which
takes into account inability to directly address individ-
ual particles. Moreover, all experimental scenarios re-
quire some kind of interaction to unlock this potential,
thereby blurring the origin of the observed phenomena.
Is it thus possible to use this inherent form of entangle-
ment in its pure form without calling for interaction to
bring it into effect? In this paper we give a positive an-
swer showing that entanglement due to indistinguisha-
bility is not just an artefact of the formalism but, on the
contrary, can be turned into a useful resource accessible
for practical purposes in protocols which circumvent
the problem of particle interactions.
In order to be more precise we will distinguish be-
tween various kinds of interaction/correlation scenar-
ios establishing entanglement between systems. A com-
mon intuition associates interaction event with a well
defined space region in which particles or systems hap-
pen to be present at the same time. We shall call this
requirement the touching condition. Then the interac-
tion can have a typically dynamical character expressed
by mixing terms in the Hamiltonian which couple re-
spective modes of the system, e.g. like in description
of fundamental interactions in particle physics or gen-
eration of entangled photons in spontaneous paramet-
ric down-conversion [8]. An alternative mechanism for
correlating particles at the touching point is through
the interference effects for identical particles, e.g. like
the Pauli exclusion principle for fermions or bunching
(anti-bounching) effect for bosons (fermions) imping-
ing on a beam splitter [8, 9]. This is a kinematical phe-
nomenon which is determined by the commutation re-
lations at the touching point with a different behaviour
depending on the statistics of the particles involved.
In this paper, we go beyond the touching paradigm
by considering situations in which particles do not meet
at any point over the entire evolution, and yet corre-
lation between particles is established. This can be
realised in quantum optical frameworks by demand-
ing spatial separation (or no-crossing) of the paths tra-
versed by the particles for certain post-selected events.
We shall call it the interaction without touching scenario.
This striking idea was first proposed by B. Yurke and D.
Stoler [10, 11] who devised a scheme for generation of
the Bell states and the GHZ state from two and three in-
dependent particles respectively. Conceptually, it plays
with the naive intuition about what counts as an inter-
action process, since apparently spatial correlations can
be established in a kinematical way without particles
touching one another. All these scenarios rely entirely
on particle indistinguishability, which thus presents itself
as a useful resource of entanglement readily accessible
for practical applications.
The problem posed in this paper is exploration of
the extent to which extraction of entanglement is possi-
ble within the no-touching paradigm. More precisely,
we consider the question of generation of all entan-
gled states of a given (tripartite) type and the arrange-
ments required for their construction. While for bipar-
tite states the original proposal [10] provides the answer
(two particles are enough), for tripartite entanglement
the problem is already unsettled (only the construction
of the GHZ state using three particles is known [11]).
In this paper, we complete task of generation of all tri-
partite entangled states by providing a simple scheme
for generation of the W state using three independent
particles in the no-touching scheme. The construction is
preceded by a short discussion of a general interaction
without touching scenario for dual-rail encoded qubits.
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Permutation Local unitaries  
& post-selection
Single particles  
& local unitaries
i2
<latexit sha1_base 64="xjPPgdUTTGGb0Z8SHYblSCemCZw=">A AAC/3icdVLNbhMxEHaWljaBQgtHLlajShyi aLdCghuVuHBsRdNWSleR7cymVvyztWdRw2o PPABXeARuFVcehRfgOfAmOXS3ZSRLn76Z8ff NaHiupMc4/tOJHm1sPt7a7vaePN159nx378 WZt4UTMBJWWXfBmQclDYxQooKL3AHTXME5n 3+o8+efwXlpzSkuckg1mxmZScEwUJ/k5HCy 24+H8TLofZCsQZ+s43iy1/l7ObWi0GBQKOb 9OIlzTEvmUAoFVe+y8JAzMWczGAdomAaflk uvFT0IzJRm1oVnkC7Zux0l094vNA+VmuGVb +dq8qHcuMDsXVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwxxwSG9TRUjBSQhURjklIx hJvgrMnWPpzPfNX2WU/XYjnXA8qbH4y5Y3P AAb3WaXktpBOFxFYFnzmAuUqXYpxbVf3Hbq PtNEnL2kS9jG63e0DfN6NR7MXA+mylkLMvt qKU9sJlJO07uA/ODodJPExO3vSPBusb2Sav yD55TRLylhyRj+SYjIggM/KNfCc/oq/Rz+g 2+rUqjTrrnpekEdHvfxcJ9bs=</latexit><latexit sha1_base 64="xjPPgdUTTGGb0Z8SHYblSCemCZw=">A AAC/3icdVLNbhMxEHaWljaBQgtHLlajShyi aLdCghuVuHBsRdNWSleR7cymVvyztWdRw2o PPABXeARuFVcehRfgOfAmOXS3ZSRLn76Z8ff NaHiupMc4/tOJHm1sPt7a7vaePN159nx378 WZt4UTMBJWWXfBmQclDYxQooKL3AHTXME5n 3+o8+efwXlpzSkuckg1mxmZScEwUJ/k5HCy 24+H8TLofZCsQZ+s43iy1/l7ObWi0GBQKOb 9OIlzTEvmUAoFVe+y8JAzMWczGAdomAaflk uvFT0IzJRm1oVnkC7Zux0l094vNA+VmuGVb +dq8qHcuMDsXVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwxxwSG9TRUjBSQhURjklIx hJvgrMnWPpzPfNX2WU/XYjnXA8qbH4y5Y3P AAb3WaXktpBOFxFYFnzmAuUqXYpxbVf3Hbq PtNEnL2kS9jG63e0DfN6NR7MXA+mylkLMvt qKU9sJlJO07uA/ODodJPExO3vSPBusb2Sav yD55TRLylhyRj+SYjIggM/KNfCc/oq/Rz+g 2+rUqjTrrnpekEdHvfxcJ9bs=</latexit><latexit sha1_base 64="xjPPgdUTTGGb0Z8SHYblSCemCZw=">A AAC/3icdVLNbhMxEHaWljaBQgtHLlajShyi aLdCghuVuHBsRdNWSleR7cymVvyztWdRw2o PPABXeARuFVcehRfgOfAmOXS3ZSRLn76Z8ff NaHiupMc4/tOJHm1sPt7a7vaePN159nx378 WZt4UTMBJWWXfBmQclDYxQooKL3AHTXME5n 3+o8+efwXlpzSkuckg1mxmZScEwUJ/k5HCy 24+H8TLofZCsQZ+s43iy1/l7ObWi0GBQKOb 9OIlzTEvmUAoFVe+y8JAzMWczGAdomAaflk uvFT0IzJRm1oVnkC7Zux0l094vNA+VmuGVb +dq8qHcuMDsXVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwxxwSG9TRUjBSQhURjklIx hJvgrMnWPpzPfNX2WU/XYjnXA8qbH4y5Y3P AAb3WaXktpBOFxFYFnzmAuUqXYpxbVf3Hbq PtNEnL2kS9jG63e0DfN6NR7MXA+mylkLMvt qKU9sJlJO07uA/ODodJPExO3vSPBusb2Sav yD55TRLylhyRj+SYjIggM/KNfCc/oq/Rz+g 2+rUqjTrrnpekEdHvfxcJ9bs=</latexit><latexit sha1_base 64="xjPPgdUTTGGb0Z8SHYblSCemCZw=">A AAC/3icdVLNbhMxEHaWljaBQgtHLlajShyi aLdCghuVuHBsRdNWSleR7cymVvyztWdRw2o PPABXeARuFVcehRfgOfAmOXS3ZSRLn76Z8ff NaHiupMc4/tOJHm1sPt7a7vaePN159nx378 WZt4UTMBJWWXfBmQclDYxQooKL3AHTXME5n 3+o8+efwXlpzSkuckg1mxmZScEwUJ/k5HCy 24+H8TLofZCsQZ+s43iy1/l7ObWi0GBQKOb 9OIlzTEvmUAoFVe+y8JAzMWczGAdomAaflk uvFT0IzJRm1oVnkC7Zux0l094vNA+VmuGVb +dq8qHcuMDsXVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwxxwSG9TRUjBSQhURjklIx hJvgrMnWPpzPfNX2WU/XYjnXA8qbH4y5Y3P AAb3WaXktpBOFxFYFnzmAuUqXYpxbVf3Hbq PtNEnL2kS9jG63e0DfN6NR7MXA+mylkLMvt qKU9sJlJO07uA/ODodJPExO3vSPBusb2Sav yD55TRLylhyRj+SYjIggM/KNfCc/oq/Rz+g 2+rUqjTrrnpekEdHvfxcJ9bs=</latexit>
i2+1
<latexit sha1_base 64="PkLKGHZedqut522fRcvPbfTLSn0=">A AADBXicdVJLbhNBEG1P+MTmkw9LNh2sSEhY 1kyEBDsisWEZpDgJskdWd7vGabk/k+4ahBn NmgNkG47ADrHlHFyAc9Bje8FMoKSWnl5V9Xt VKp4r6TGOf3WirTt3793f7vYePHz0eGd3b/ /M28IJGAmrrLvgzIOSBkYoUcFF7oBpruCcL 97W+fOP4Ly05hSXOaSazY3MpGAYqA9yejQ5 eDE5SKa7/XgYr4LeBskG9MkmTqZ7nd+TmRW FBoNCMe/HSZxjWjKHUiioepPCQ87Egs1hHK BhGnxarhxX9DAwM5pZF55BumL/7iiZ9n6pe ajUDC99O1eT/8qNC8xep6U0eYFgxFooKxRFS +vx6Uw6EKiWATDhZPBKxSVzTGBYUkPFSAFZ SDQmKRVD+BScNdnah/OZr9o+6+laLOd6QHn zgzF3bAE4oFc6La+EdKKQ2KrgcwewUOlKjH Orqv/YbbSdJmlZm6iX0e12D+mbZjSKvRhYn 60VcvbZVpTSXriMpH0Ht8HZ0TCJh8n7l/3j weZGtslT8ow8Jwl5RY7JO3JCRkQQTa7JDfk afYm+Rd+jH+vSqLPpeUIaEf38A309900=</ latexit><latexit sha1_base 64="PkLKGHZedqut522fRcvPbfTLSn0=">A AADBXicdVJLbhNBEG1P+MTmkw9LNh2sSEhY 1kyEBDsisWEZpDgJskdWd7vGabk/k+4ahBn NmgNkG47ADrHlHFyAc9Bje8FMoKSWnl5V9Xt VKp4r6TGOf3WirTt3793f7vYePHz0eGd3b/ /M28IJGAmrrLvgzIOSBkYoUcFF7oBpruCcL 97W+fOP4Ly05hSXOaSazY3MpGAYqA9yejQ5 eDE5SKa7/XgYr4LeBskG9MkmTqZ7nd+TmRW FBoNCMe/HSZxjWjKHUiioepPCQ87Egs1hHK BhGnxarhxX9DAwM5pZF55BumL/7iiZ9n6pe ajUDC99O1eT/8qNC8xep6U0eYFgxFooKxRFS +vx6Uw6EKiWATDhZPBKxSVzTGBYUkPFSAFZ SDQmKRVD+BScNdnah/OZr9o+6+laLOd6QHn zgzF3bAE4oFc6La+EdKKQ2KrgcwewUOlKjH Orqv/YbbSdJmlZm6iX0e12D+mbZjSKvRhYn 60VcvbZVpTSXriMpH0Ht8HZ0TCJh8n7l/3j weZGtslT8ow8Jwl5RY7JO3JCRkQQTa7JDfk afYm+Rd+jH+vSqLPpeUIaEf38A309900=</ latexit><latexit sha1_base 64="PkLKGHZedqut522fRcvPbfTLSn0=">A AADBXicdVJLbhNBEG1P+MTmkw9LNh2sSEhY 1kyEBDsisWEZpDgJskdWd7vGabk/k+4ahBn NmgNkG47ADrHlHFyAc9Bje8FMoKSWnl5V9Xt VKp4r6TGOf3WirTt3793f7vYePHz0eGd3b/ /M28IJGAmrrLvgzIOSBkYoUcFF7oBpruCcL 97W+fOP4Ly05hSXOaSazY3MpGAYqA9yejQ5 eDE5SKa7/XgYr4LeBskG9MkmTqZ7nd+TmRW FBoNCMe/HSZxjWjKHUiioepPCQ87Egs1hHK BhGnxarhxX9DAwM5pZF55BumL/7iiZ9n6pe ajUDC99O1eT/8qNC8xep6U0eYFgxFooKxRFS +vx6Uw6EKiWATDhZPBKxSVzTGBYUkPFSAFZ SDQmKRVD+BScNdnah/OZr9o+6+laLOd6QHn zgzF3bAE4oFc6La+EdKKQ2KrgcwewUOlKjH Orqv/YbbSdJmlZm6iX0e12D+mbZjSKvRhYn 60VcvbZVpTSXriMpH0Ht8HZ0TCJh8n7l/3j weZGtslT8ow8Jwl5RY7JO3JCRkQQTa7JDfk afYm+Rd+jH+vSqLPpeUIaEf38A309900=</ latexit><latexit sha1_base 64="PkLKGHZedqut522fRcvPbfTLSn0=">A AADBXicdVJLbhNBEG1P+MTmkw9LNh2sSEhY 1kyEBDsisWEZpDgJskdWd7vGabk/k+4ahBn NmgNkG47ADrHlHFyAc9Bje8FMoKSWnl5V9Xt VKp4r6TGOf3WirTt3793f7vYePHz0eGd3b/ /M28IJGAmrrLvgzIOSBkYoUcFF7oBpruCcL 97W+fOP4Ly05hSXOaSazY3MpGAYqA9yejQ5 eDE5SKa7/XgYr4LeBskG9MkmTqZ7nd+TmRW FBoNCMe/HSZxjWjKHUiioepPCQ87Egs1hHK BhGnxarhxX9DAwM5pZF55BumL/7iiZ9n6pe ajUDC99O1eT/8qNC8xep6U0eYFgxFooKxRFS +vx6Uw6EKiWATDhZPBKxSVzTGBYUkPFSAFZ SDQmKRVD+BScNdnah/OZr9o+6+laLOd6QHn zgzF3bAE4oFc6La+EdKKQ2KrgcwewUOlKjH Orqv/YbbSdJmlZm6iX0e12D+mbZjSKvRhYn 60VcvbZVpTSXriMpH0Ht8HZ0TCJh8n7l/3j weZGtslT8ow8Jwl5RY7JO3JCRkQQTa7JDfk afYm+Rd+jH+vSqLPpeUIaEf38A309900=</ latexit>
iK+1
<latexit sha1_base 64="QKa6/pnnaUrNrWAAQSe0UWb3ayc=">A AADBXicdVJLbhNBEG1P+MTml4Qlmw5WJCQs ayZCgh2RskFiE6Q4CbJHVne7xmm5P5PuGoQ zmjUHYAtHYIfYcg4uwDnosb1gJlBSS0+vqvq 9KhXPlfQYx7860dat23fubnd79+4/ePhoZ3 fvzNvCCRgJq6y74MyDkgZGKFHBRe6Aaa7gn C+O6/z5B3BeWnOKyxxSzeZGZlIwDNR7OX07 2X8+2U+mO/14GK+C3gTJBvTJJk6mu53fk5k VhQaDQjHvx0mcY1oyh1IoqHqTwkPOxILNYR ygYRp8Wq4cV/QgMDOaWReeQbpi/+4omfZ+q Xmo1AwvfTtXk//KjQvMXqWlNHmBYMRaKCsUR Uvr8elMOhColgEw4WTwSsUlc0xgWFJDxUgB WUg0JikVQ/gYnDXZ2ofzma/aPuvpWiznekB 584Mxd2wBOKBXOi2vhHSikNiq4HMHsFDpSo xzq6r/2G20nSZpWZuol9Htdg/o62Y0ir0YW J+tFXJ2bStKaS9cRtK+g5vg7HCYxMPk3Yv+ 0WBzI9vkCXlKnpGEvCRH5A05ISMiiCafyRf yNfoUfYu+Rz/WpVFn0/OYNCL6+Qe+xPdm</ latexit><latexit sha1_base 64="QKa6/pnnaUrNrWAAQSe0UWb3ayc=">A AADBXicdVJLbhNBEG1P+MTml4Qlmw5WJCQs ayZCgh2RskFiE6Q4CbJHVne7xmm5P5PuGoQ zmjUHYAtHYIfYcg4uwDnosb1gJlBSS0+vqvq 9KhXPlfQYx7860dat23fubnd79+4/ePhoZ3 fvzNvCCRgJq6y74MyDkgZGKFHBRe6Aaa7gn C+O6/z5B3BeWnOKyxxSzeZGZlIwDNR7OX07 2X8+2U+mO/14GK+C3gTJBvTJJk6mu53fk5k VhQaDQjHvx0mcY1oyh1IoqHqTwkPOxILNYR ygYRp8Wq4cV/QgMDOaWReeQbpi/+4omfZ+q Xmo1AwvfTtXk//KjQvMXqWlNHmBYMRaKCsUR Uvr8elMOhColgEw4WTwSsUlc0xgWFJDxUgB WUg0JikVQ/gYnDXZ2ofzma/aPuvpWiznekB 584Mxd2wBOKBXOi2vhHSikNiq4HMHsFDpSo xzq6r/2G20nSZpWZuol9Htdg/o62Y0ir0YW J+tFXJ2bStKaS9cRtK+g5vg7HCYxMPk3Yv+ 0WBzI9vkCXlKnpGEvCRH5A05ISMiiCafyRf yNfoUfYu+Rz/WpVFn0/OYNCL6+Qe+xPdm</ latexit><latexit sha1_base 64="QKa6/pnnaUrNrWAAQSe0UWb3ayc=">A AADBXicdVJLbhNBEG1P+MTml4Qlmw5WJCQs ayZCgh2RskFiE6Q4CbJHVne7xmm5P5PuGoQ zmjUHYAtHYIfYcg4uwDnosb1gJlBSS0+vqvq 9KhXPlfQYx7860dat23fubnd79+4/ePhoZ3 fvzNvCCRgJq6y74MyDkgZGKFHBRe6Aaa7gn C+O6/z5B3BeWnOKyxxSzeZGZlIwDNR7OX07 2X8+2U+mO/14GK+C3gTJBvTJJk6mu53fk5k VhQaDQjHvx0mcY1oyh1IoqHqTwkPOxILNYR ygYRp8Wq4cV/QgMDOaWReeQbpi/+4omfZ+q Xmo1AwvfTtXk//KjQvMXqWlNHmBYMRaKCsUR Uvr8elMOhColgEw4WTwSsUlc0xgWFJDxUgB WUg0JikVQ/gYnDXZ2ofzma/aPuvpWiznekB 584Mxd2wBOKBXOi2vhHSikNiq4HMHsFDpSo xzq6r/2G20nSZpWZuol9Htdg/o62Y0ir0YW J+tFXJ2bStKaS9cRtK+g5vg7HCYxMPk3Yv+ 0WBzI9vkCXlKnpGEvCRH5A05ISMiiCafyRf yNfoUfYu+Rz/WpVFn0/OYNCL6+Qe+xPdm</ latexit><latexit sha1_base 64="QKa6/pnnaUrNrWAAQSe0UWb3ayc=">A AADBXicdVJLbhNBEG1P+MTml4Qlmw5WJCQs ayZCgh2RskFiE6Q4CbJHVne7xmm5P5PuGoQ zmjUHYAtHYIfYcg4uwDnosb1gJlBSS0+vqvq 9KhXPlfQYx7860dat23fubnd79+4/ePhoZ3 fvzNvCCRgJq6y74MyDkgZGKFHBRe6Aaa7gn C+O6/z5B3BeWnOKyxxSzeZGZlIwDNR7OX07 2X8+2U+mO/14GK+C3gTJBvTJJk6mu53fk5k VhQaDQjHvx0mcY1oyh1IoqHqTwkPOxILNYR ygYRp8Wq4cV/QgMDOaWReeQbpi/+4omfZ+q Xmo1AwvfTtXk//KjQvMXqWlNHmBYMRaKCsUR Uvr8elMOhColgEw4WTwSsUlc0xgWFJDxUgB WUg0JikVQ/gYnDXZ2ofzma/aPuvpWiznekB 584Mxd2wBOKBXOi2vhHSikNiq4HMHsFDpSo xzq6r/2G20nSZpWZuol9Htdg/o62Y0ir0YW J+tFXJ2bStKaS9cRtK+g5vg7HCYxMPk3Yv+ 0WBzI9vkCXlKnpGEvCRH5A05ISMiiCafyRf yNfoUfYu+Rz/WpVFn0/OYNCL6+Qe+xPdm</ latexit>
iK
<latexit sha1_base 64="xL9egCjPe8elzZXV1dcv+M9tgao=">A AAC/3icdVLNbhMxEHYWCk0o0MKRi0VUiUMU 7SIkuFGJC1IvRTRtpXQV2c5sasU/W3u2alj tgQfoFR6ht4orj8IL8Bx4kxzYbTuSpU/fzPj 7ZjQ8V9JjHP/pRA8ebjx6vNntPdl6+uz59s 6LI28LJ2AkrLLuhDMPShoYoUQFJ7kDprmCY z7/VOePL8B5ac0hLnJINZsZmUnBMFBf5WR/ st2Ph/Ey6G2QrEGfrONgstP5ezq1otBgUCj m/TiJc0xL5lAKBVXvtPCQMzFnMxgHaJgGn5 ZLrxXdDcyUZtaFZ5Au2f87Sqa9X2geKjXDM 9/O1eRduXGB2Ye0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqk4Y44JDOtpqBgpIAuJxiSl YgiXwVmTrX04n/mq7bOersVyrgeUNz8Yc8f mgAN6rtPyXEgnComtCj5zAHOVLsU4t6q6x2 6j7TBJy9pEvYxut7tLPzajUezFwPpspZCzb 7ailPbCZSTtO7gNjt4Ok3iYfHnX3xusb2ST vCKvyRuSkPdkj3wmB2REBJmRK/KD/Iy+R9f RTfRrVRp11j0vSSOi3/8AV/r11A==</late xit><latexit sha1_base 64="xL9egCjPe8elzZXV1dcv+M9tgao=">A AAC/3icdVLNbhMxEHYWCk0o0MKRi0VUiUMU 7SIkuFGJC1IvRTRtpXQV2c5sasU/W3u2alj tgQfoFR6ht4orj8IL8Bx4kxzYbTuSpU/fzPj 7ZjQ8V9JjHP/pRA8ebjx6vNntPdl6+uz59s 6LI28LJ2AkrLLuhDMPShoYoUQFJ7kDprmCY z7/VOePL8B5ac0hLnJINZsZmUnBMFBf5WR/ st2Ph/Ey6G2QrEGfrONgstP5ezq1otBgUCj m/TiJc0xL5lAKBVXvtPCQMzFnMxgHaJgGn5 ZLrxXdDcyUZtaFZ5Au2f87Sqa9X2geKjXDM 9/O1eRduXGB2Ye0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqk4Y44JDOtpqBgpIAuJxiSl YgiXwVmTrX04n/mq7bOersVyrgeUNz8Yc8f mgAN6rtPyXEgnComtCj5zAHOVLsU4t6q6x2 6j7TBJy9pEvYxut7tLPzajUezFwPpspZCzb 7ailPbCZSTtO7gNjt4Ok3iYfHnX3xusb2ST vCKvyRuSkPdkj3wmB2REBJmRK/KD/Iy+R9f RTfRrVRp11j0vSSOi3/8AV/r11A==</late xit><latexit sha1_base 64="xL9egCjPe8elzZXV1dcv+M9tgao=">A AAC/3icdVLNbhMxEHYWCk0o0MKRi0VUiUMU 7SIkuFGJC1IvRTRtpXQV2c5sasU/W3u2alj tgQfoFR6ht4orj8IL8Bx4kxzYbTuSpU/fzPj 7ZjQ8V9JjHP/pRA8ebjx6vNntPdl6+uz59s 6LI28LJ2AkrLLuhDMPShoYoUQFJ7kDprmCY z7/VOePL8B5ac0hLnJINZsZmUnBMFBf5WR/ st2Ph/Ey6G2QrEGfrONgstP5ezq1otBgUCj m/TiJc0xL5lAKBVXvtPCQMzFnMxgHaJgGn5 ZLrxXdDcyUZtaFZ5Au2f87Sqa9X2geKjXDM 9/O1eRduXGB2Ye0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqk4Y44JDOtpqBgpIAuJxiSl YgiXwVmTrX04n/mq7bOersVyrgeUNz8Yc8f mgAN6rtPyXEgnComtCj5zAHOVLsU4t6q6x2 6j7TBJy9pEvYxut7tLPzajUezFwPpspZCzb 7ailPbCZSTtO7gNjt4Ok3iYfHnX3xusb2ST vCKvyRuSkPdkj3wmB2REBJmRK/KD/Iy+R9f RTfRrVRp11j0vSSOi3/8AV/r11A==</late xit><latexit sha1_base 64="xL9egCjPe8elzZXV1dcv+M9tgao=">A AAC/3icdVLNbhMxEHYWCk0o0MKRi0VUiUMU 7SIkuFGJC1IvRTRtpXQV2c5sasU/W3u2alj tgQfoFR6ht4orj8IL8Bx4kxzYbTuSpU/fzPj 7ZjQ8V9JjHP/pRA8ebjx6vNntPdl6+uz59s 6LI28LJ2AkrLLuhDMPShoYoUQFJ7kDprmCY z7/VOePL8B5ac0hLnJINZsZmUnBMFBf5WR/ st2Ph/Ey6G2QrEGfrONgstP5ezq1otBgUCj m/TiJc0xL5lAKBVXvtPCQMzFnMxgHaJgGn5 ZLrxXdDcyUZtaFZ5Au2f87Sqa9X2geKjXDM 9/O1eRduXGB2Ye0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqk4Y44JDOtpqBgpIAuJxiSl YgiXwVmTrX04n/mq7bOersVyrgeUNz8Yc8f mgAN6rtPyXEgnComtCj5zAHOVLsU4t6q6x2 6j7TBJy9pEvYxut7tLPzajUezFwPpspZCzb 7ailPbCZSTtO7gNjt4Ok3iYfHnX3xusb2ST vCKvyRuSkPdkj3wmB2REBJmRK/KD/Iy+R9f RTfRrVRp11j0vSSOi3/8AV/r11A==</late xit>
s 2 SN
<latexit sha1_base64="D9Wtb0EkcE8HCC usiIwjrk8z6PY=">AAADFXicdVLNihNBEO6Mf5v4l9WDBy+NYcFDCDMiuDcXvHiSFTe7C5 khVHdqsk36Z7a7R4zDPIcP4FUfwZt49ewL+Bz2JDk4s1rQ8PFVVX9fFcUKKZyP41+96Nr1 Gzdv7fUHt+/cvXd/uP/g1JnScpxyI409Z+BQCo1TL7zE88IiKCbxjK1eNfmz92idMPrErw vMFCy1yAUHH6j58FHqxFJBKjRNFfgLDrJ6V8/fzIejeBJvgl4FyQ6MyC6O5/u93+nC8FKh9 lyCc7MkLnxWgfWCS6wHaemwAL6CJc4C1KDQZdVmgpoeBGZBc2PD055u2L87KlDOrRULlY1 L18015L9ys9Lnh1kldFF61HwrlJeSekObddCFsMi9XAcA3IrglfILsMB9WFpLRQuOeUi0J qkkePwQnLXZxod1uau7PpvpOixjakxZ+4MZs7BCP6aXKqsuubC8FL5TwZYWcSWzjRhjRtb/ sdtqO0myqjHRLKPf7x/Ql+1oFTs+Ni7fKhTw0dSU0kG4jKR7B1fB6bNJEk+St89HR4e7G9 kjj8kT8pQk5AU5Iq/JMZkSTmrymXwhX6NP0bfoe/RjWxr1dj0PSSuin38AuXD+tA==</la texit><latexit sha1_base64="D9Wtb0EkcE8HCC usiIwjrk8z6PY=">AAADFXicdVLNihNBEO6Mf5v4l9WDBy+NYcFDCDMiuDcXvHiSFTe7C5 khVHdqsk36Z7a7R4zDPIcP4FUfwZt49ewL+Bz2JDk4s1rQ8PFVVX9fFcUKKZyP41+96Nr1 Gzdv7fUHt+/cvXd/uP/g1JnScpxyI409Z+BQCo1TL7zE88IiKCbxjK1eNfmz92idMPrErw vMFCy1yAUHH6j58FHqxFJBKjRNFfgLDrJ6V8/fzIejeBJvgl4FyQ6MyC6O5/u93+nC8FKh9 lyCc7MkLnxWgfWCS6wHaemwAL6CJc4C1KDQZdVmgpoeBGZBc2PD055u2L87KlDOrRULlY1 L18015L9ys9Lnh1kldFF61HwrlJeSekObddCFsMi9XAcA3IrglfILsMB9WFpLRQuOeUi0J qkkePwQnLXZxod1uau7PpvpOixjakxZ+4MZs7BCP6aXKqsuubC8FL5TwZYWcSWzjRhjRtb/ sdtqO0myqjHRLKPf7x/Ql+1oFTs+Ni7fKhTw0dSU0kG4jKR7B1fB6bNJEk+St89HR4e7G9 kjj8kT8pQk5AU5Iq/JMZkSTmrymXwhX6NP0bfoe/RjWxr1dj0PSSuin38AuXD+tA==</la texit><latexit sha1_base64="D9Wtb0EkcE8HCC usiIwjrk8z6PY=">AAADFXicdVLNihNBEO6Mf5v4l9WDBy+NYcFDCDMiuDcXvHiSFTe7C5 khVHdqsk36Z7a7R4zDPIcP4FUfwZt49ewL+Bz2JDk4s1rQ8PFVVX9fFcUKKZyP41+96Nr1 Gzdv7fUHt+/cvXd/uP/g1JnScpxyI409Z+BQCo1TL7zE88IiKCbxjK1eNfmz92idMPrErw vMFCy1yAUHH6j58FHqxFJBKjRNFfgLDrJ6V8/fzIejeBJvgl4FyQ6MyC6O5/u93+nC8FKh9 lyCc7MkLnxWgfWCS6wHaemwAL6CJc4C1KDQZdVmgpoeBGZBc2PD055u2L87KlDOrRULlY1 L18015L9ys9Lnh1kldFF61HwrlJeSekObddCFsMi9XAcA3IrglfILsMB9WFpLRQuOeUi0J qkkePwQnLXZxod1uau7PpvpOixjakxZ+4MZs7BCP6aXKqsuubC8FL5TwZYWcSWzjRhjRtb/ sdtqO0myqjHRLKPf7x/Ql+1oFTs+Ni7fKhTw0dSU0kG4jKR7B1fB6bNJEk+St89HR4e7G9 kjj8kT8pQk5AU5Iq/JMZkSTmrymXwhX6NP0bfoe/RjWxr1dj0PSSuin38AuXD+tA==</la texit><latexit sha1_base64="D9Wtb0EkcE8HCC usiIwjrk8z6PY=">AAADFXicdVLNihNBEO6Mf5v4l9WDBy+NYcFDCDMiuDcXvHiSFTe7C5 khVHdqsk36Z7a7R4zDPIcP4FUfwZt49ewL+Bz2JDk4s1rQ8PFVVX9fFcUKKZyP41+96Nr1 Gzdv7fUHt+/cvXd/uP/g1JnScpxyI409Z+BQCo1TL7zE88IiKCbxjK1eNfmz92idMPrErw vMFCy1yAUHH6j58FHqxFJBKjRNFfgLDrJ6V8/fzIejeBJvgl4FyQ6MyC6O5/u93+nC8FKh9 lyCc7MkLnxWgfWCS6wHaemwAL6CJc4C1KDQZdVmgpoeBGZBc2PD055u2L87KlDOrRULlY1 L18015L9ys9Lnh1kldFF61HwrlJeSekObddCFsMi9XAcA3IrglfILsMB9WFpLRQuOeUi0J qkkePwQnLXZxod1uau7PpvpOixjakxZ+4MZs7BCP6aXKqsuubC8FL5TwZYWcSWzjRhjRtb/ sdtqO0myqjHRLKPf7x/Ql+1oFTs+Ni7fKhTw0dSU0kG4jKR7B1fB6bNJEk+St89HR4e7G9 kjj8kT8pQk5AU5Iq/JMZkSTmrymXwhX6NP0bfoe/RjWxr1dj0PSSuin38AuXD+tA==</la texit>
U1<latexit sha1_base 64="uvMAFoVx/eFvkn81RjsyLlzi6xY=">A AAC/3icdVLNbhMxEHYWCk0o0MKxF4uoEoco 2kWV2huVuHAsomkrpavIdmZTK/7Z2rOIsNo DD8AVHoEb4tpH6Qv0OepNcuhuYSRLn76Z8ff NaHiupMc4vulEjx5vPHm62e0923r+4uX2zq tTbwsnYCSssu6cMw9KGhihRAXnuQOmuYIzP v9Q58++gPPSmhNc5JBqNjMyk4JhoD6PJslk ux8P42XQhyBZgz5Zx/Fkp3N7MbWi0GBQKOb 9OIlzTEvmUAoFVe+i8JAzMWczGAdomAaflk uvFd0LzJRm1oVnkC7Z+x0l094vNA+VmuGlb +dq8l+5cYHZYVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwyxwSG9TRUjBSQhURjklIx hK/BWZOtfTif+arts56uxXKuB5Q3Pxhzx+a AA3ql0/JKSCcKia0KPnMAc5UuxTi3qvqP3U bbSZKWtYl6Gd1ud4++b0aj2IuB9dlKIWffb EUp7YXLSNp38BCcvhsm8TD5tN8/OlzfyCbZ JW/IW5KQA3JEPpJjMiKCzMgP8pP8ir5Hv6M /0d9VadRZ97wmjYiu7wDj4fWy</latexit><latexit sha1_base 64="uvMAFoVx/eFvkn81RjsyLlzi6xY=">A AAC/3icdVLNbhMxEHYWCk0o0MKxF4uoEoco 2kWV2huVuHAsomkrpavIdmZTK/7Z2rOIsNo DD8AVHoEb4tpH6Qv0OepNcuhuYSRLn76Z8ff NaHiupMc4vulEjx5vPHm62e0923r+4uX2zq tTbwsnYCSssu6cMw9KGhihRAXnuQOmuYIzP v9Q58++gPPSmhNc5JBqNjMyk4JhoD6PJslk ux8P42XQhyBZgz5Zx/Fkp3N7MbWi0GBQKOb 9OIlzTEvmUAoFVe+i8JAzMWczGAdomAaflk uvFd0LzJRm1oVnkC7Z+x0l094vNA+VmuGlb +dq8l+5cYHZYVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwyxwSG9TRUjBSQhURjklIx hK/BWZOtfTif+arts56uxXKuB5Q3Pxhzx+a AA3ql0/JKSCcKia0KPnMAc5UuxTi3qvqP3U bbSZKWtYl6Gd1ud4++b0aj2IuB9dlKIWffb EUp7YXLSNp38BCcvhsm8TD5tN8/OlzfyCbZ JW/IW5KQA3JEPpJjMiKCzMgP8pP8ir5Hv6M /0d9VadRZ97wmjYiu7wDj4fWy</latexit><latexit sha1_base 64="uvMAFoVx/eFvkn81RjsyLlzi6xY=">A AAC/3icdVLNbhMxEHYWCk0o0MKxF4uoEoco 2kWV2huVuHAsomkrpavIdmZTK/7Z2rOIsNo DD8AVHoEb4tpH6Qv0OepNcuhuYSRLn76Z8ff NaHiupMc4vulEjx5vPHm62e0923r+4uX2zq tTbwsnYCSssu6cMw9KGhihRAXnuQOmuYIzP v9Q58++gPPSmhNc5JBqNjMyk4JhoD6PJslk ux8P42XQhyBZgz5Zx/Fkp3N7MbWi0GBQKOb 9OIlzTEvmUAoFVe+i8JAzMWczGAdomAaflk uvFd0LzJRm1oVnkC7Z+x0l094vNA+VmuGlb +dq8l+5cYHZYVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwyxwSG9TRUjBSQhURjklIx hK/BWZOtfTif+arts56uxXKuB5Q3Pxhzx+a AA3ql0/JKSCcKia0KPnMAc5UuxTi3qvqP3U bbSZKWtYl6Gd1ud4++b0aj2IuB9dlKIWffb EUp7YXLSNp38BCcvhsm8TD5tN8/OlzfyCbZ JW/IW5KQA3JEPpJjMiKCzMgP8pP8ir5Hv6M /0d9VadRZ97wmjYiu7wDj4fWy</latexit><latexit sha1_base 64="uvMAFoVx/eFvkn81RjsyLlzi6xY=">A AAC/3icdVLNbhMxEHYWCk0o0MKxF4uoEoco 2kWV2huVuHAsomkrpavIdmZTK/7Z2rOIsNo DD8AVHoEb4tpH6Qv0OepNcuhuYSRLn76Z8ff NaHiupMc4vulEjx5vPHm62e0923r+4uX2zq tTbwsnYCSssu6cMw9KGhihRAXnuQOmuYIzP v9Q58++gPPSmhNc5JBqNjMyk4JhoD6PJslk ux8P42XQhyBZgz5Zx/Fkp3N7MbWi0GBQKOb 9OIlzTEvmUAoFVe+i8JAzMWczGAdomAaflk uvFd0LzJRm1oVnkC7Z+x0l094vNA+VmuGlb +dq8l+5cYHZYVpKkxcIRqyEskJRtLQenE6lA 4FqEQATTgavVFwyxwSG9TRUjBSQhURjklIx hK/BWZOtfTif+arts56uxXKuB5Q3Pxhzx+a AA3ql0/JKSCcKia0KPnMAc5UuxTi3qvqP3U bbSZKWtYl6Gd1ud4++b0aj2IuB9dlKIWffb EUp7YXLSNp38BCcvhsm8TD5tN8/OlzfyCbZ JW/IW5KQA3JEPpJjMiKCzMgP8pP8ir5Hv6M /0d9VadRZ97wmjYiu7wDj4fWy</latexit>A1<latexit sha1_base64="dCz5F wMMiGl44NKHns5Fif S657k=">AAAC/3icdV LNbhMxEHaWAk34aQvH XqxGlThE0S6q1N4o4 sKxiKatlK4i25lNrfh na88iwmoPPABXeARu iCuPwgv0OfAmObDbdi RLn76Z8ffNaHiupMc 4/tuJHmw8fPR4s9t78 vTZ863tnRdn3hZOwEh YZd0FZx6UNDBCiQou cgdMcwXnfP6uzp9/Au elNae4yCHVbGZkJgX DQH18O0km2/14GC+D3 gbJGvTJOk4mO52by6 kVhQaDQjHvx0mcY1oy h1IoqHqXhYeciTmbw ThAwzT4tFx6reh+YKY 0sy48g3TJ/t9RMu39Q vNQqRle+XauJu/KjQ vMjtJSmrxAMGIllBWK oqX14HQqHQhUiwCYc DJ4peKKOSYwrKehYqS ALCQak5SKIXwOzpps 7cP5zFdtn/V0LZZzPa C8+cGYOzYHHNBrnZbX QjpRSGxV8JkDmKt0K ca5VdU9dhttp0la1ib qZXS73X36phmNYi8G 1mcrhZx9sRWltBcuI2 nfwW1w9nqYxMPkw0H /+Gh9I5tkl+yRVyQhh +SYvCcnZEQEmZFv5Dv 5EX2Nfka/ot+r0qiz 7nlJGhH9+QevxfWe</ latexit><latexit sha1_base64="dCz5F wMMiGl44NKHns5Fif S657k=">AAAC/3icdV LNbhMxEHaWAk34aQvH XqxGlThE0S6q1N4o4 sKxiKatlK4i25lNrfh na88iwmoPPABXeARu iCuPwgv0OfAmObDbdi RLn76Z8ffNaHiupMc 4/tuJHmw8fPR4s9t78 vTZ863tnRdn3hZOwEh YZd0FZx6UNDBCiQou cgdMcwXnfP6uzp9/Au elNae4yCHVbGZkJgX DQH18O0km2/14GC+D3 gbJGvTJOk4mO52by6 kVhQaDQjHvx0mcY1oy h1IoqHqXhYeciTmbw ThAwzT4tFx6reh+YKY 0sy48g3TJ/t9RMu39Q vNQqRle+XauJu/KjQ vMjtJSmrxAMGIllBWK oqX14HQqHQhUiwCYc DJ4peKKOSYwrKehYqS ALCQak5SKIXwOzpps 7cP5zFdtn/V0LZZzPa C8+cGYOzYHHNBrnZbX QjpRSGxV8JkDmKt0K ca5VdU9dhttp0la1ib qZXS73X36phmNYi8G 1mcrhZx9sRWltBcuI2 nfwW1w9nqYxMPkw0H /+Gh9I5tkl+yRVyQhh +SYvCcnZEQEmZFv5Dv 5EX2Nfka/ot+r0qiz 7nlJGhH9+QevxfWe</ latexit><latexit sha1_base64="dCz5F wMMiGl44NKHns5Fif S657k=">AAAC/3icdV LNbhMxEHaWAk34aQvH XqxGlThE0S6q1N4o4 sKxiKatlK4i25lNrfh na88iwmoPPABXeARu iCuPwgv0OfAmObDbdi RLn76Z8ffNaHiupMc 4/tuJHmw8fPR4s9t78 vTZ863tnRdn3hZOwEh YZd0FZx6UNDBCiQou cgdMcwXnfP6uzp9/Au elNae4yCHVbGZkJgX DQH18O0km2/14GC+D3 gbJGvTJOk4mO52by6 kVhQaDQjHvx0mcY1oy h1IoqHqXhYeciTmbw ThAwzT4tFx6reh+YKY 0sy48g3TJ/t9RMu39Q vNQqRle+XauJu/KjQ vMjtJSmrxAMGIllBWK oqX14HQqHQhUiwCYc DJ4peKKOSYwrKehYqS ALCQak5SKIXwOzpps 7cP5zFdtn/V0LZZzPa C8+cGYOzYHHNBrnZbX QjpRSGxV8JkDmKt0K ca5VdU9dhttp0la1ib qZXS73X36phmNYi8G 1mcrhZx9sRWltBcuI2 nfwW1w9nqYxMPkw0H /+Gh9I5tkl+yRVyQhh +SYvCcnZEQEmZFv5Dv 5EX2Nfka/ot+r0qiz 7nlJGhH9+QevxfWe</ latexit><latexit sha1_base64="dCz5F wMMiGl44NKHns5Fif S657k=">AAAC/3icdV LNbhMxEHaWAk34aQvH XqxGlThE0S6q1N4o4 sKxiKatlK4i25lNrfh na88iwmoPPABXeARu iCuPwgv0OfAmObDbdi RLn76Z8ffNaHiupMc 4/tuJHmw8fPR4s9t78 vTZ863tnRdn3hZOwEh YZd0FZx6UNDBCiQou cgdMcwXnfP6uzp9/Au elNae4yCHVbGZkJgX DQH18O0km2/14GC+D3 gbJGvTJOk4mO52by6 kVhQaDQjHvx0mcY1oy h1IoqHqXhYeciTmbw ThAwzT4tFx6reh+YKY 0sy48g3TJ/t9RMu39Q vNQqRle+XauJu/KjQ vMjtJSmrxAMGIllBWK oqX14HQqHQhUiwCYc DJ4peKKOSYwrKehYqS ALCQak5SKIXwOzpps 7cP5zFdtn/V0LZZzPa C8+cGYOzYHHNBrnZbX QjpRSGxV8JkDmKt0K ca5VdU9dhttp0la1ib qZXS73X36phmNYi8G 1mcrhZx9sRWltBcuI2 nfwW1w9nqYxMPkw0H /+Gh9I5tkl+yRVyQhh +SYvCcnZEQEmZFv5Dv 5EX2Nfka/ot+r0qiz 7nlJGhH9+QevxfWe</ latexit>
i1=1
<latexit sha1_base 64="MgcK1Wu5I1kR6HXmyxuIRwCWEHU=">A AADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvL mkFIsImIxIZlkOIkyB5Z3e0ap+X+TLprIpz RrHOAbOEI7BBbzsEFOAc9thfMBEpq6elVVb9 XpeK5kh7j+Fcn2rpz99797W7vwcNHj5/s7D 498bZwAkbCKuvOOPOgpIERSlRwljtgmis45 Yv3df70EpyX1hzjModUs7mRmRQMA/VJTpPJ 3sFkL5nu9ONhvAp6GyQb0CebOJrudn5PZlY UGgwKxbwfJ3GOackcSqGg6k0KDzkTCzaHcY CGafBpuXJc0f3AzGhmXXgG6Yr9u6Nk2vul5 qFSMzz37VxN/is3LjB7m5bS5AWCEWuhrFAUL a3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVk IdGYpFQM4XNw1mRrH85nvmr7rKdrsZzrAeX ND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc 6tqv5jt9F2nKRlbaJeRrfb3afvmtEo9mJgf bZWyNmVrSilvXAZSfsOboOTV8MkHiYfX/cP B5sb2SbPyQvykiTkDTkkH8gRGRFBNLkhX8j X6Dr6Fn2PfqxLo86m5xlpRPTzD6mW914=</ latexit><latexit sha1_base 64="MgcK1Wu5I1kR6HXmyxuIRwCWEHU=">A AADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvL mkFIsImIxIZlkOIkyB5Z3e0ap+X+TLprIpz RrHOAbOEI7BBbzsEFOAc9thfMBEpq6elVVb9 XpeK5kh7j+Fcn2rpz99797W7vwcNHj5/s7D 498bZwAkbCKuvOOPOgpIERSlRwljtgmis45 Yv3df70EpyX1hzjModUs7mRmRQMA/VJTpPJ 3sFkL5nu9ONhvAp6GyQb0CebOJrudn5PZlY UGgwKxbwfJ3GOackcSqGg6k0KDzkTCzaHcY CGafBpuXJc0f3AzGhmXXgG6Yr9u6Nk2vul5 qFSMzz37VxN/is3LjB7m5bS5AWCEWuhrFAUL a3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVk IdGYpFQM4XNw1mRrH85nvmr7rKdrsZzrAeX ND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc 6tqv5jt9F2nKRlbaJeRrfb3afvmtEo9mJgf bZWyNmVrSilvXAZSfsOboOTV8MkHiYfX/cP B5sb2SbPyQvykiTkDTkkH8gRGRFBNLkhX8j X6Dr6Fn2PfqxLo86m5xlpRPTzD6mW914=</ latexit><latexit sha1_base 64="MgcK1Wu5I1kR6HXmyxuIRwCWEHU=">A AADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvL mkFIsImIxIZlkOIkyB5Z3e0ap+X+TLprIpz RrHOAbOEI7BBbzsEFOAc9thfMBEpq6elVVb9 XpeK5kh7j+Fcn2rpz99797W7vwcNHj5/s7D 498bZwAkbCKuvOOPOgpIERSlRwljtgmis45 Yv3df70EpyX1hzjModUs7mRmRQMA/VJTpPJ 3sFkL5nu9ONhvAp6GyQb0CebOJrudn5PZlY UGgwKxbwfJ3GOackcSqGg6k0KDzkTCzaHcY CGafBpuXJc0f3AzGhmXXgG6Yr9u6Nk2vul5 qFSMzz37VxN/is3LjB7m5bS5AWCEWuhrFAUL a3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVk IdGYpFQM4XNw1mRrH85nvmr7rKdrsZzrAeX ND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc 6tqv5jt9F2nKRlbaJeRrfb3afvmtEo9mJgf bZWyNmVrSilvXAZSfsOboOTV8MkHiYfX/cP B5sb2SbPyQvykiTkDTkkH8gRGRFBNLkhX8j X6Dr6Fn2PfqxLo86m5xlpRPTzD6mW914=</ latexit><latexit sha1_base 64="MgcK1Wu5I1kR6HXmyxuIRwCWEHU=">A AADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvL mkFIsImIxIZlkOIkyB5Z3e0ap+X+TLprIpz RrHOAbOEI7BBbzsEFOAc9thfMBEpq6elVVb9 XpeK5kh7j+Fcn2rpz99797W7vwcNHj5/s7D 498bZwAkbCKuvOOPOgpIERSlRwljtgmis45 Yv3df70EpyX1hzjModUs7mRmRQMA/VJTpPJ 3sFkL5nu9ONhvAp6GyQb0CebOJrudn5PZlY UGgwKxbwfJ3GOackcSqGg6k0KDzkTCzaHcY CGafBpuXJc0f3AzGhmXXgG6Yr9u6Nk2vul5 qFSMzz37VxN/is3LjB7m5bS5AWCEWuhrFAUL a3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVk IdGYpFQM4XNw1mRrH85nvmr7rKdrsZzrAeX ND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc 6tqv5jt9F2nKRlbaJeRrfb3afvmtEo9mJgf bZWyNmVrSilvXAZSfsOboOTV8MkHiYfX/cP B5sb2SbPyQvykiTkDTkkH8gRGRFBNLkhX8j X6Dr6Fn2PfqxLo86m5xlpRPTzD6mW914=</ latexit>
U2
<latexit sha1_base 64="omQsbnQAueAA/mMS6pmXyo4vS/w=">A AAC/3icdVLNbhMxEHaWFppAaQtHLhZRJQ5R tFtVam9U4sKxFU1bKV1FtjObWvHP1p5FhNU eeACu8AjcKq48Ci/Ac+BNcmC3ZSRLn76Z8ff NaHiupMc4/t2JHm1sPn6y1e09fbb9fGd378 WFt4UTMBJWWXfFmQclDYxQooKr3AHTXMEln 7+r85cfwXlpzTkuckg1mxmZScEwUB9Gk4PJ bj8exsug90GyBn2yjtPJXufP9dSKQoNBoZj 34yTOMS2ZQykUVL3rwkPOxJzNYBygYRp8Wi 69VnQ/MFOaWReeQbpk/+0omfZ+oXmo1Axvf DtXkw/lxgVmx2kpTV4gGLESygpF0dJ6cDqVD gSqRQBMOBm8UnHDHBMY1tNQMVJAFhKNSUrF ED4FZ0229uF85qu2z3q6Fsu5HlDe/GDMHZs DDuitTstbIZ0oJLYq+MwBzFW6FOPcquo/dh tt50la1ibqZXS73X36thmNYi8G1mcrhZx9t hWltBcuI2nfwX1wcTBM4mFydtg/OV7fyBZ5 RV6TNyQhR+SEvCenZEQEmZGv5Bv5Hn2JfkR 30c9VadRZ97wkjYh+/QXmevWz</latexit><latexit sha1_base 64="omQsbnQAueAA/mMS6pmXyo4vS/w=">A AAC/3icdVLNbhMxEHaWFppAaQtHLhZRJQ5R tFtVam9U4sKxFU1bKV1FtjObWvHP1p5FhNU eeACu8AjcKq48Ci/Ac+BNcmC3ZSRLn76Z8ff NaHiupMc4/t2JHm1sPn6y1e09fbb9fGd378 WFt4UTMBJWWXfFmQclDYxQooKr3AHTXMEln 7+r85cfwXlpzTkuckg1mxmZScEwUB9Gk4PJ bj8exsug90GyBn2yjtPJXufP9dSKQoNBoZj 34yTOMS2ZQykUVL3rwkPOxJzNYBygYRp8Wi 69VnQ/MFOaWReeQbpk/+0omfZ+oXmo1Axvf DtXkw/lxgVmx2kpTV4gGLESygpF0dJ6cDqVD gSqRQBMOBm8UnHDHBMY1tNQMVJAFhKNSUrF ED4FZ0229uF85qu2z3q6Fsu5HlDe/GDMHZs DDuitTstbIZ0oJLYq+MwBzFW6FOPcquo/dh tt50la1ibqZXS73X36thmNYi8G1mcrhZx9t hWltBcuI2nfwX1wcTBM4mFydtg/OV7fyBZ5 RV6TNyQhR+SEvCenZEQEmZGv5Bv5Hn2JfkR 30c9VadRZ97wkjYh+/QXmevWz</latexit><latexit sha1_base 64="omQsbnQAueAA/mMS6pmXyo4vS/w=">A AAC/3icdVLNbhMxEHaWFppAaQtHLhZRJQ5R tFtVam9U4sKxFU1bKV1FtjObWvHP1p5FhNU eeACu8AjcKq48Ci/Ac+BNcmC3ZSRLn76Z8ff NaHiupMc4/t2JHm1sPn6y1e09fbb9fGd378 WFt4UTMBJWWXfFmQclDYxQooKr3AHTXMEln 7+r85cfwXlpzTkuckg1mxmZScEwUB9Gk4PJ bj8exsug90GyBn2yjtPJXufP9dSKQoNBoZj 34yTOMS2ZQykUVL3rwkPOxJzNYBygYRp8Wi 69VnQ/MFOaWReeQbpk/+0omfZ+oXmo1Axvf DtXkw/lxgVmx2kpTV4gGLESygpF0dJ6cDqVD gSqRQBMOBm8UnHDHBMY1tNQMVJAFhKNSUrF ED4FZ0229uF85qu2z3q6Fsu5HlDe/GDMHZs DDuitTstbIZ0oJLYq+MwBzFW6FOPcquo/dh tt50la1ibqZXS73X36thmNYi8G1mcrhZx9t hWltBcuI2nfwX1wcTBM4mFydtg/OV7fyBZ5 RV6TNyQhR+SEvCenZEQEmZGv5Bv5Hn2JfkR 30c9VadRZ97wkjYh+/QXmevWz</latexit><latexit sha1_base 64="omQsbnQAueAA/mMS6pmXyo4vS/w=">A AAC/3icdVLNbhMxEHaWFppAaQtHLhZRJQ5R tFtVam9U4sKxFU1bKV1FtjObWvHP1p5FhNU eeACu8AjcKq48Ci/Ac+BNcmC3ZSRLn76Z8ff NaHiupMc4/t2JHm1sPn6y1e09fbb9fGd378 WFt4UTMBJWWXfFmQclDYxQooKr3AHTXMEln 7+r85cfwXlpzTkuckg1mxmZScEwUB9Gk4PJ bj8exsug90GyBn2yjtPJXufP9dSKQoNBoZj 34yTOMS2ZQykUVL3rwkPOxJzNYBygYRp8Wi 69VnQ/MFOaWReeQbpk/+0omfZ+oXmo1Axvf DtXkw/lxgVmx2kpTV4gGLESygpF0dJ6cDqVD gSqRQBMOBm8UnHDHBMY1tNQMVJAFhKNSUrF ED4FZ0229uF85qu2z3q6Fsu5HlDe/GDMHZs DDuitTstbIZ0oJLYq+MwBzFW6FOPcquo/dh tt50la1ibqZXS73X36thmNYi8G1mcrhZx9t hWltBcuI2nfwX1wcTBM4mFydtg/OV7fyBZ5 RV6TNyQhR+SEvCenZEQEmZGv5Bv5Hn2JfkR 30c9VadRZ97wkjYh+/QXmevWz</latexit>
UK<latexit sha1_base 64="kKDM1LpbpD1N1NCYj0BFzoq8e8U=">A AAC/3icdVJLahtBEG2N87GUnz/LbJoIQxZC zARDvIvBm0A2NrFsgzyI7laN3Kg/4+6aEHm YRQ6QbXKE7IK3PkoukHOkR9IiM04KGh6vqvq 9KornSnqM41+daOPBw0ePN7u9J0+fPX+xtb 1z5m3hBIyEVdZdcOZBSQMjlKjgInfANFdwz udHdf78EzgvrTnFRQ6pZjMjMykYBurjaPJh stWPh/Ey6H2QrEGfrON4st35fTm1otBgUCj m/TiJc0xL5lAKBVXvsvCQMzFnMxgHaJgGn5 ZLrxXdC8yUZtaFZ5Au2b87Sqa9X2geKjXDK 9/O1eS/cuMCs4O0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqm4Yo4JDOtpqBgpIAuJxiSl Ygifg7MmW/twPvNV22c9XYvlXA8ob34w5o7 NAQf0WqfltZBOFBJbFXzmAOYqXYpxblX1H7 uNttMkLWsT9TK63e4efdeMRrEXA+uzlULOb mxFKe2Fy0jad3AfnL0ZJvEwOdnvHx6sb2ST vCSvyGuSkLfkkLwnx2REBJmRr+Qb+R59iX5 EP6PbVWnUWffskkZEd38AJ3r1zA==</late xit><latexit sha1_base 64="kKDM1LpbpD1N1NCYj0BFzoq8e8U=">A AAC/3icdVJLahtBEG2N87GUnz/LbJoIQxZC zARDvIvBm0A2NrFsgzyI7laN3Kg/4+6aEHm YRQ6QbXKE7IK3PkoukHOkR9IiM04KGh6vqvq 9KornSnqM41+daOPBw0ePN7u9J0+fPX+xtb 1z5m3hBIyEVdZdcOZBSQMjlKjgInfANFdwz udHdf78EzgvrTnFRQ6pZjMjMykYBurjaPJh stWPh/Ey6H2QrEGfrON4st35fTm1otBgUCj m/TiJc0xL5lAKBVXvsvCQMzFnMxgHaJgGn5 ZLrxXdC8yUZtaFZ5Au2b87Sqa9X2geKjXDK 9/O1eS/cuMCs4O0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqm4Yo4JDOtpqBgpIAuJxiSl Ygifg7MmW/twPvNV22c9XYvlXA8ob34w5o7 NAQf0WqfltZBOFBJbFXzmAOYqXYpxblX1H7 uNttMkLWsT9TK63e4efdeMRrEXA+uzlULOb mxFKe2Fy0jad3AfnL0ZJvEwOdnvHx6sb2ST vCSvyGuSkLfkkLwnx2REBJmRr+Qb+R59iX5 EP6PbVWnUWffskkZEd38AJ3r1zA==</late xit><latexit sha1_base 64="kKDM1LpbpD1N1NCYj0BFzoq8e8U=">A AAC/3icdVJLahtBEG2N87GUnz/LbJoIQxZC zARDvIvBm0A2NrFsgzyI7laN3Kg/4+6aEHm YRQ6QbXKE7IK3PkoukHOkR9IiM04KGh6vqvq 9KornSnqM41+daOPBw0ePN7u9J0+fPX+xtb 1z5m3hBIyEVdZdcOZBSQMjlKjgInfANFdwz udHdf78EzgvrTnFRQ6pZjMjMykYBurjaPJh stWPh/Ey6H2QrEGfrON4st35fTm1otBgUCj m/TiJc0xL5lAKBVXvsvCQMzFnMxgHaJgGn5 ZLrxXdC8yUZtaFZ5Au2b87Sqa9X2geKjXDK 9/O1eS/cuMCs4O0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqm4Yo4JDOtpqBgpIAuJxiSl Ygifg7MmW/twPvNV22c9XYvlXA8ob34w5o7 NAQf0WqfltZBOFBJbFXzmAOYqXYpxblX1H7 uNttMkLWsT9TK63e4efdeMRrEXA+uzlULOb mxFKe2Fy0jad3AfnL0ZJvEwOdnvHx6sb2ST vCSvyGuSkLfkkLwnx2REBJmRr+Qb+R59iX5 EP6PbVWnUWffskkZEd38AJ3r1zA==</late xit><latexit sha1_base 64="kKDM1LpbpD1N1NCYj0BFzoq8e8U=">A AAC/3icdVJLahtBEG2N87GUnz/LbJoIQxZC zARDvIvBm0A2NrFsgzyI7laN3Kg/4+6aEHm YRQ6QbXKE7IK3PkoukHOkR9IiM04KGh6vqvq 9KornSnqM41+daOPBw0ePN7u9J0+fPX+xtb 1z5m3hBIyEVdZdcOZBSQMjlKjgInfANFdwz udHdf78EzgvrTnFRQ6pZjMjMykYBurjaPJh stWPh/Ey6H2QrEGfrON4st35fTm1otBgUCj m/TiJc0xL5lAKBVXvsvCQMzFnMxgHaJgGn5 ZLrxXdC8yUZtaFZ5Au2b87Sqa9X2geKjXDK 9/O1eS/cuMCs4O0lCYvEIxYCWWFomhpPTidS gcC1SIAJpwMXqm4Yo4JDOtpqBgpIAuJxiSl Ygifg7MmW/twPvNV22c9XYvlXA8ob34w5o7 NAQf0WqfltZBOFBJbFXzmAOYqXYpxblX1H7 uNttMkLWsT9TK63e4efdeMRrEXA+uzlULOb mxFKe2Fy0jad3AfnL0ZJvEwOdnvHx6sb2ST vCSvyGuSkLfkkLwnx2REBJmRr+Qb+R59iX5 EP6PbVWnUWffskkZEd38AJ3r1zA==</late xit>
i1+1
<latexit sha1_base 64="8SWRIogjfm6Xfa7kD+8/19Gr5zI=">A AADBXicdVLNbhMxEHaWnzbhr4UjF5eoEhJR tEaVyq2VuHAsUtMWJavIdmZTK/Z6a89WpKs 98wBc4RG4Ia48By/Ac+BNcmC3MJKlT9/M+Pt mNCLXymMc/+pEd+7eu7+13e09ePjo8ZOd3a dn3hZOwkhabd2F4B60ymCECjVc5A64ERrOx eJtnT+/BueVzU5xmUNi+DxTqZIcA/VBTdlk 79Vkj013+vEwXgW9DdgG9MkmTqa7nd+TmZW FgQyl5t6PWZxjUnKHSmqoepPCQ87lgs9hHG DGDfikXDmu6H5gZjS1LrwM6Yr9u6PkxvulE aHScLz07VxN/is3LjB9k5QqywuETK6F0kJTt LQen86UA4l6GQCXTgWvVF5yxyWGJTVUMiUh DYnGJKXmCB+DsyZb+3A+9VXbZz1dixXCDKh ofjAWji8AB/TKJOWVVE4WClsVYu4AFjpZiQ lhdfUfu422U5aUtYl6Gd1ud58eNaNR7OXA+ nStkPMbW1FKe+EyWPsOboOz10MWD9n7g/7x YHMj2+Q5eUFeEkYOyTF5R07IiEhiyGfyhXy NPkXfou/Rj3Vp1Nn0PCONiH7+AXqe90w=</ latexit><latexit sha1_base 64="8SWRIogjfm6Xfa7kD+8/19Gr5zI=">A AADBXicdVLNbhMxEHaWnzbhr4UjF5eoEhJR tEaVyq2VuHAsUtMWJavIdmZTK/Z6a89WpKs 98wBc4RG4Ia48By/Ac+BNcmC3MJKlT9/M+Pt mNCLXymMc/+pEd+7eu7+13e09ePjo8ZOd3a dn3hZOwkhabd2F4B60ymCECjVc5A64ERrOx eJtnT+/BueVzU5xmUNi+DxTqZIcA/VBTdlk 79Vkj013+vEwXgW9DdgG9MkmTqa7nd+TmZW FgQyl5t6PWZxjUnKHSmqoepPCQ87lgs9hHG DGDfikXDmu6H5gZjS1LrwM6Yr9u6PkxvulE aHScLz07VxN/is3LjB9k5QqywuETK6F0kJTt LQen86UA4l6GQCXTgWvVF5yxyWGJTVUMiUh DYnGJKXmCB+DsyZb+3A+9VXbZz1dixXCDKh ofjAWji8AB/TKJOWVVE4WClsVYu4AFjpZiQ lhdfUfu422U5aUtYl6Gd1ud58eNaNR7OXA+ nStkPMbW1FKe+EyWPsOboOz10MWD9n7g/7x YHMj2+Q5eUFeEkYOyTF5R07IiEhiyGfyhXy NPkXfou/Rj3Vp1Nn0PCONiH7+AXqe90w=</ latexit><latexit sha1_base 64="8SWRIogjfm6Xfa7kD+8/19Gr5zI=">A AADBXicdVLNbhMxEHaWnzbhr4UjF5eoEhJR tEaVyq2VuHAsUtMWJavIdmZTK/Z6a89WpKs 98wBc4RG4Ia48By/Ac+BNcmC3MJKlT9/M+Pt mNCLXymMc/+pEd+7eu7+13e09ePjo8ZOd3a dn3hZOwkhabd2F4B60ymCECjVc5A64ERrOx eJtnT+/BueVzU5xmUNi+DxTqZIcA/VBTdlk 79Vkj013+vEwXgW9DdgG9MkmTqa7nd+TmZW FgQyl5t6PWZxjUnKHSmqoepPCQ87lgs9hHG DGDfikXDmu6H5gZjS1LrwM6Yr9u6PkxvulE aHScLz07VxN/is3LjB9k5QqywuETK6F0kJTt LQen86UA4l6GQCXTgWvVF5yxyWGJTVUMiUh DYnGJKXmCB+DsyZb+3A+9VXbZz1dixXCDKh ofjAWji8AB/TKJOWVVE4WClsVYu4AFjpZiQ lhdfUfu422U5aUtYl6Gd1ud58eNaNR7OXA+ nStkPMbW1FKe+EyWPsOboOz10MWD9n7g/7x YHMj2+Q5eUFeEkYOyTF5R07IiEhiyGfyhXy NPkXfou/Rj3Vp1Nn0PCONiH7+AXqe90w=</ latexit><latexit sha1_base 64="8SWRIogjfm6Xfa7kD+8/19Gr5zI=">A AADBXicdVLNbhMxEHaWnzbhr4UjF5eoEhJR tEaVyq2VuHAsUtMWJavIdmZTK/Z6a89WpKs 98wBc4RG4Ia48By/Ac+BNcmC3MJKlT9/M+Pt mNCLXymMc/+pEd+7eu7+13e09ePjo8ZOd3a dn3hZOwkhabd2F4B60ymCECjVc5A64ERrOx eJtnT+/BueVzU5xmUNi+DxTqZIcA/VBTdlk 79Vkj013+vEwXgW9DdgG9MkmTqa7nd+TmZW FgQyl5t6PWZxjUnKHSmqoepPCQ87lgs9hHG DGDfikXDmu6H5gZjS1LrwM6Yr9u6PkxvulE aHScLz07VxN/is3LjB9k5QqywuETK6F0kJTt LQen86UA4l6GQCXTgWvVF5yxyWGJTVUMiUh DYnGJKXmCB+DsyZb+3A+9VXbZz1dixXCDKh ofjAWji8AB/TKJOWVVE4WClsVYu4AFjpZiQ lhdfUfu422U5aUtYl6Gd1ud58eNaNR7OXA+ nStkPMbW1FKe+EyWPsOboOz10MWD9n7g/7x YHMj2+Q5eUFeEkYOyTF5R07IiEhiyGfyhXy NPkXfou/Rj3Vp1Nn0PCONiH7+AXqe90w=</ latexit>
j1=1
<latexit sha1_base64="m7vFyyDpitEj3F IEuzPmeoMlaIk=">AAADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvLmomQYIOIxIZlkOIkyB 5Z3e0ap3F/Jt01CDOadQ7AFo7ADrHlHFwg50iP7QUzgZJaenpV1e9VqXiupMc4/tOJtm7d vnN3u9u7d//Bw0c7u49PvC2cgJGwyrozzjwoaWCEEhWc5Q6Y5gpO+eJtnT/9BM5La45xmU Oq2dzITAqGgfrwcZpM9l5P9pLpTj8exqugN0GyAX2yiaPpbudqMrOi0GBQKOb9OIlzTEvmU AoFVW9SeMiZWLA5jAM0TINPy5Xjiu4HZkYz68IzSFfs3x0l094vNQ+VmuG5b+dq8l+5cYH Zq7SUJi8QjFgLZYWiaGk9Pp1JBwLVMgAmnAxeqThnjgkMS2qoGCkgC4nGJKViCJ+DsyZb+ 3A+81XbZz1di+VcDyhvfjDmji0AB/RCp+WFkE4UElsVfO4AFipdiXFuVfUfu4224yQtaxP1 Mrrd7j5904xGsRcD67O1Qs6+2IpS2guXkbTv4CY4ORgm8TB5/6J/ONjcyDZ5Sp6R5yQhL8 kheUeOyIgIoslX8o18jy6jH9HP6Ne6NOpsep6QRkS/rwGsN/df</latexit><latexit sha1_base64="m7vFyyDpitEj3F IEuzPmeoMlaIk=">AAADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvLmomQYIOIxIZlkOIkyB 5Z3e0ap3F/Jt01CDOadQ7AFo7ADrHlHFwg50iP7QUzgZJaenpV1e9VqXiupMc4/tOJtm7d vnN3u9u7d//Bw0c7u49PvC2cgJGwyrozzjwoaWCEEhWc5Q6Y5gpO+eJtnT/9BM5La45xmU Oq2dzITAqGgfrwcZpM9l5P9pLpTj8exqugN0GyAX2yiaPpbudqMrOi0GBQKOb9OIlzTEvmU AoFVW9SeMiZWLA5jAM0TINPy5Xjiu4HZkYz68IzSFfs3x0l094vNQ+VmuG5b+dq8l+5cYH Zq7SUJi8QjFgLZYWiaGk9Pp1JBwLVMgAmnAxeqThnjgkMS2qoGCkgC4nGJKViCJ+DsyZb+ 3A+81XbZz1di+VcDyhvfjDmji0AB/RCp+WFkE4UElsVfO4AFipdiXFuVfUfu4224yQtaxP1 Mrrd7j5904xGsRcD67O1Qs6+2IpS2guXkbTv4CY4ORgm8TB5/6J/ONjcyDZ5Sp6R5yQhL8 kheUeOyIgIoslX8o18jy6jH9HP6Ne6NOpsep6QRkS/rwGsN/df</latexit><latexit sha1_base64="m7vFyyDpitEj3F IEuzPmeoMlaIk=">AAADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvLmomQYIOIxIZlkOIkyB 5Z3e0ap3F/Jt01CDOadQ7AFo7ADrHlHFwg50iP7QUzgZJaenpV1e9VqXiupMc4/tOJtm7d vnN3u9u7d//Bw0c7u49PvC2cgJGwyrozzjwoaWCEEhWc5Q6Y5gpO+eJtnT/9BM5La45xmU Oq2dzITAqGgfrwcZpM9l5P9pLpTj8exqugN0GyAX2yiaPpbudqMrOi0GBQKOb9OIlzTEvmU AoFVW9SeMiZWLA5jAM0TINPy5Xjiu4HZkYz68IzSFfs3x0l094vNQ+VmuG5b+dq8l+5cYH Zq7SUJi8QjFgLZYWiaGk9Pp1JBwLVMgAmnAxeqThnjgkMS2qoGCkgC4nGJKViCJ+DsyZb+ 3A+81XbZz1di+VcDyhvfjDmji0AB/RCp+WFkE4UElsVfO4AFipdiXFuVfUfu4224yQtaxP1 Mrrd7j5904xGsRcD67O1Qs6+2IpS2guXkbTv4CY4ORgm8TB5/6J/ONjcyDZ5Sp6R5yQhL8 kheUeOyIgIoslX8o18jy6jH9HP6Ne6NOpsep6QRkS/rwGsN/df</latexit><latexit sha1_base64="m7vFyyDpitEj3F IEuzPmeoMlaIk=">AAADBXicdVJLbhNBEG1P+MTml8CSTQcrEgvLmomQYIOIxIZlkOIkyB 5Z3e0ap3F/Jt01CDOadQ7AFo7ADrHlHFwg50iP7QUzgZJaenpV1e9VqXiupMc4/tOJtm7d vnN3u9u7d//Bw0c7u49PvC2cgJGwyrozzjwoaWCEEhWc5Q6Y5gpO+eJtnT/9BM5La45xmU Oq2dzITAqGgfrwcZpM9l5P9pLpTj8exqugN0GyAX2yiaPpbudqMrOi0GBQKOb9OIlzTEvmU AoFVW9SeMiZWLA5jAM0TINPy5Xjiu4HZkYz68IzSFfs3x0l094vNQ+VmuG5b+dq8l+5cYH Zq7SUJi8QjFgLZYWiaGk9Pp1JBwLVMgAmnAxeqThnjgkMS2qoGCkgC4nGJKViCJ+DsyZb+ 3A+81XbZz1di+VcDyhvfjDmji0AB/RCp+WFkE4UElsVfO4AFipdiXFuVfUfu4224yQtaxP1 Mrrd7j5904xGsRcD67O1Qs6+2IpS2guXkbTv4CY4ORgm8TB5/6J/ONjcyDZ5Sp6R5yQhL8 kheUeOyIgIoslX8o18jy6jH9HP6Ne6NOpsep6QRkS/rwGsN/df</latexit>
j1+1
<latexit sha1_base64="EZQAtyUhvT5yRm gxGQSu4ONUjUU=">AAADBXicdVLNbhMxEHa2/DThry1HLi5RJSSiaF0hwY1KvXAsUtMWJa vIdmZTE3u9tWcR6WrPPABXeARuiCvPwQvwHHiTHNgtjGTp0zcz/r4Zjci18hjHvzrR1q3b d+5ud3v37j94+Ghnd+/M28JJGEmrrbsQ3INWGYxQoYaL3AE3QsO5WBzX+fMP4Lyy2Skuc0 gMn2cqVZJjoN69n7LJ/vPJPpvu9ONhvAp6E7AN6JNNnEx3O78nMysLAxlKzb0fszjHpOQOl dRQ9SaFh5zLBZ/DOMCMG/BJuXJc0YPAzGhqXXgZ0hX7d0fJjfdLI0Kl4Xjp27ma/FduXGD 6KilVlhcImVwLpYWmaGk9Pp0pBxL1MgAunQpeqbzkjksMS2qoZEpCGhKNSUrNET4GZ0229 uF86qu2z3q6FiuEGVDR/GAsHF8ADuiVScorqZwsFLYqxNwBLHSyEhPC6uo/dhttpywpaxP1 Mrrd7gF93YxGsZcD69O1Qs6vbUUp7YXLYO07uAnODocsHrK3L/pHg82NbJMn5Cl5Rhh5SY 7IG3JCRkQSQz6TL+Rr9Cn6Fn2PfqxLo86m5zFpRPTzD30/900=</latexit><latexit sha1_base64="EZQAtyUhvT5yRm gxGQSu4ONUjUU=">AAADBXicdVLNbhMxEHa2/DThry1HLi5RJSSiaF0hwY1KvXAsUtMWJa vIdmZTE3u9tWcR6WrPPABXeARuiCvPwQvwHHiTHNgtjGTp0zcz/r4Zjci18hjHvzrR1q3b d+5ud3v37j94+Ghnd+/M28JJGEmrrbsQ3INWGYxQoYaL3AE3QsO5WBzX+fMP4Lyy2Skuc0 gMn2cqVZJjoN69n7LJ/vPJPpvu9ONhvAp6E7AN6JNNnEx3O78nMysLAxlKzb0fszjHpOQOl dRQ9SaFh5zLBZ/DOMCMG/BJuXJc0YPAzGhqXXgZ0hX7d0fJjfdLI0Kl4Xjp27ma/FduXGD 6KilVlhcImVwLpYWmaGk9Pp0pBxL1MgAunQpeqbzkjksMS2qoZEpCGhKNSUrNET4GZ0229 uF86qu2z3q6FiuEGVDR/GAsHF8ADuiVScorqZwsFLYqxNwBLHSyEhPC6uo/dhttpywpaxP1 Mrrd7gF93YxGsZcD69O1Qs6vbUUp7YXLYO07uAnODocsHrK3L/pHg82NbJMn5Cl5Rhh5SY 7IG3JCRkQSQz6TL+Rr9Cn6Fn2PfqxLo86m5zFpRPTzD30/900=</latexit><latexit sha1_base64="EZQAtyUhvT5yRm gxGQSu4ONUjUU=">AAADBXicdVLNbhMxEHa2/DThry1HLi5RJSSiaF0hwY1KvXAsUtMWJa vIdmZTE3u9tWcR6WrPPABXeARuiCvPwQvwHHiTHNgtjGTp0zcz/r4Zjci18hjHvzrR1q3b d+5ud3v37j94+Ghnd+/M28JJGEmrrbsQ3INWGYxQoYaL3AE3QsO5WBzX+fMP4Lyy2Skuc0 gMn2cqVZJjoN69n7LJ/vPJPpvu9ONhvAp6E7AN6JNNnEx3O78nMysLAxlKzb0fszjHpOQOl dRQ9SaFh5zLBZ/DOMCMG/BJuXJc0YPAzGhqXXgZ0hX7d0fJjfdLI0Kl4Xjp27ma/FduXGD 6KilVlhcImVwLpYWmaGk9Pp0pBxL1MgAunQpeqbzkjksMS2qoZEpCGhKNSUrNET4GZ0229 uF86qu2z3q6FiuEGVDR/GAsHF8ADuiVScorqZwsFLYqxNwBLHSyEhPC6uo/dhttpywpaxP1 Mrrd7gF93YxGsZcD69O1Qs6vbUUp7YXLYO07uAnODocsHrK3L/pHg82NbJMn5Cl5Rhh5SY 7IG3JCRkQSQz6TL+Rr9Cn6Fn2PfqxLo86m5zFpRPTzD30/900=</latexit><latexit sha1_base64="EZQAtyUhvT5yRm gxGQSu4ONUjUU=">AAADBXicdVLNbhMxEHa2/DThry1HLi5RJSSiaF0hwY1KvXAsUtMWJa vIdmZTE3u9tWcR6WrPPABXeARuiCvPwQvwHHiTHNgtjGTp0zcz/r4Zjci18hjHvzrR1q3b d+5ud3v37j94+Ghnd+/M28JJGEmrrbsQ3INWGYxQoYaL3AE3QsO5WBzX+fMP4Lyy2Skuc0 gMn2cqVZJjoN69n7LJ/vPJPpvu9ONhvAp6E7AN6JNNnEx3O78nMysLAxlKzb0fszjHpOQOl dRQ9SaFh5zLBZ/DOMCMG/BJuXJc0YPAzGhqXXgZ0hX7d0fJjfdLI0Kl4Xjp27ma/FduXGD 6KilVlhcImVwLpYWmaGk9Pp0pBxL1MgAunQpeqbzkjksMS2qoZEpCGhKNSUrNET4GZ0229 uF86qu2z3q6FiuEGVDR/GAsHF8ADuiVScorqZwsFLYqxNwBLHSyEhPC6uo/dhttpywpaxP1 Mrrd7gF93YxGsZcD69O1Qs6vbUUp7YXLYO07uAnODocsHrK3L/pHg82NbJMn5Cl5Rhh5SY 7IG3JCRkQSQz6TL+Rr9Cn6Fn2PfqxLo86m5zFpRPTzD30/900=</latexit>
j2+1
<latexit sha1_base64="JF5QI4uTG5CCR3 I86ZchhZTj3Uk=">AAADBXicdVJLbhNBEG0Pv9j8Eliy6WBFQsKyZiIk2BEpG5ZBipMge2 R1t2ucxv2ZdNcgnNGsc4Bs4QjsEFvOwQU4Bz22F8wESmrp6VVVv1el4rmSHuP4Vye6dfvO 3Xtb3d79Bw8fPd7eeXLibeEEjIRV1p1x5kFJAyOUqOAsd8A0V3DKF4d1/vQTOC+tOcZlDq lmcyMzKRgG6sPH6f5k9+VkN5lu9+NhvAp6EyQb0CebOJrudH5PZlYUGgwKxbwfJ3GOackcS qGg6k0KDzkTCzaHcYCGafBpuXJc0b3AzGhmXXgG6Yr9u6Nk2vul5qFSMzz37VxN/is3LjB 7k5bS5AWCEWuhrFAULa3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVkIdGYpFQM4XNw1mRrH 85nvmr7rKdrsZzrAeXND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc6tqv5jt9F2nKRlbaJe Rrfb3aNvm9Eo9mJgfbZWyNmlrSilvXAZSfsOboKT/WESD5P3r/oHg82NbJFn5Dl5QRLymh yQd+SIjIggmlyTL+RrdBV9i75HP9alUWfT85Q0Ivr5B3/e904=</latexit><latexit sha1_base64="JF5QI4uTG5CCR3 I86ZchhZTj3Uk=">AAADBXicdVJLbhNBEG0Pv9j8Eliy6WBFQsKyZiIk2BEpG5ZBipMge2 R1t2ucxv2ZdNcgnNGsc4Bs4QjsEFvOwQU4Bz22F8wESmrp6VVVv1el4rmSHuP4Vye6dfvO 3Xtb3d79Bw8fPd7eeXLibeEEjIRV1p1x5kFJAyOUqOAsd8A0V3DKF4d1/vQTOC+tOcZlDq lmcyMzKRgG6sPH6f5k9+VkN5lu9+NhvAp6EyQb0CebOJrudH5PZlYUGgwKxbwfJ3GOackcS qGg6k0KDzkTCzaHcYCGafBpuXJc0b3AzGhmXXgG6Yr9u6Nk2vul5qFSMzz37VxN/is3LjB 7k5bS5AWCEWuhrFAULa3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVkIdGYpFQM4XNw1mRrH 85nvmr7rKdrsZzrAeXND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc6tqv5jt9F2nKRlbaJe Rrfb3aNvm9Eo9mJgfbZWyNmlrSilvXAZSfsOboKT/WESD5P3r/oHg82NbJFn5Dl5QRLymh yQd+SIjIggmlyTL+RrdBV9i75HP9alUWfT85Q0Ivr5B3/e904=</latexit><latexit sha1_base64="JF5QI4uTG5CCR3 I86ZchhZTj3Uk=">AAADBXicdVJLbhNBEG0Pv9j8Eliy6WBFQsKyZiIk2BEpG5ZBipMge2 R1t2ucxv2ZdNcgnNGsc4Bs4QjsEFvOwQU4Bz22F8wESmrp6VVVv1el4rmSHuP4Vye6dfvO 3Xtb3d79Bw8fPd7eeXLibeEEjIRV1p1x5kFJAyOUqOAsd8A0V3DKF4d1/vQTOC+tOcZlDq lmcyMzKRgG6sPH6f5k9+VkN5lu9+NhvAp6EyQb0CebOJrudH5PZlYUGgwKxbwfJ3GOackcS qGg6k0KDzkTCzaHcYCGafBpuXJc0b3AzGhmXXgG6Yr9u6Nk2vul5qFSMzz37VxN/is3LjB 7k5bS5AWCEWuhrFAULa3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVkIdGYpFQM4XNw1mRrH 85nvmr7rKdrsZzrAeXND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc6tqv5jt9F2nKRlbaJe Rrfb3aNvm9Eo9mJgfbZWyNmlrSilvXAZSfsOboKT/WESD5P3r/oHg82NbJFn5Dl5QRLymh yQd+SIjIggmlyTL+RrdBV9i75HP9alUWfT85Q0Ivr5B3/e904=</latexit><latexit sha1_base64="JF5QI4uTG5CCR3 I86ZchhZTj3Uk=">AAADBXicdVJLbhNBEG0Pv9j8Eliy6WBFQsKyZiIk2BEpG5ZBipMge2 R1t2ucxv2ZdNcgnNGsc4Bs4QjsEFvOwQU4Bz22F8wESmrp6VVVv1el4rmSHuP4Vye6dfvO 3Xtb3d79Bw8fPd7eeXLibeEEjIRV1p1x5kFJAyOUqOAsd8A0V3DKF4d1/vQTOC+tOcZlDq lmcyMzKRgG6sPH6f5k9+VkN5lu9+NhvAp6EyQb0CebOJrudH5PZlYUGgwKxbwfJ3GOackcS qGg6k0KDzkTCzaHcYCGafBpuXJc0b3AzGhmXXgG6Yr9u6Nk2vul5qFSMzz37VxN/is3LjB 7k5bS5AWCEWuhrFAULa3HpzPpQKBaBsCEk8ErFefMMYFhSQ0VIwVkIdGYpFQM4XNw1mRrH 85nvmr7rKdrsZzrAeXND8bcsQXggF7otLwQ0olCYquCzx3AQqUrMc6tqv5jt9F2nKRlbaJe Rrfb3aNvm9Eo9mJgfbZWyNmlrSilvXAZSfsOboKT/WESD5P3r/oHg82NbJFn5Dl5QRLymh yQd+SIjIggmlyTL+RrdBV9i75HP9alUWfT85Q0Ivr5B3/e904=</latexit>
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BK<latexit sha1_base64="yubnNfru/3eEDr6aSwLu74Z76Bw=">AAAC/3icdVJLbhNBEG0 Pv9h8kpAlmxZWJBaWNYOQyC4RbCKxSUScRHJGVne7xmm5P5PuGoQZzSIHYAtHyA6xzVG4AOegx/aCmUBJLT29qur3qlQ8V9JjHP/qRPfuP3j4aKPbe/zk6bPNre3np94WTsBIWGXdOWc elDQwQokKznMHTHMFZ3z+vs6ffQLnpTUnuMgh1WxmZCYFw0B9fDf5MNnqx8N4GfQuSNagT9ZxNNnu/L6YWlFoMCgU836cxDmmJXMohYKqd1F4yJmYsxmMAzRMg0/LpdeK7gZmSjPrwjNI l+zfHSXT3i80D5Wa4aVv52ryX7lxgdleWkqTFwhGrISyQlG0tB6cTqUDgWoRABNOBq9UXDLHBIb1NFSMFJCFRGOSUjGEz8FZk619OJ/5qu2znq7Fcq4HlDc/GHPH5oADeqXT8kpIJwqJ rQo+cwBzlS7FOLeq+o/dRttJkpa1iXoZ3W53l+43o1HsxcD6bKWQsy+2opT2wmUk7Tu4C05fD5N4mBy/6R/srW9kg7wgL8krkpC35IAckiMyIoLMyFfyjXyPrqOb6Ef0c1UaddY9O6QR0 e0f9er1uQ==</latexit><latexit sha1_base64="yubnNfru/3eEDr6aSwLu74Z76Bw=">AAAC/3icdVJLbhNBEG0 Pv9h8kpAlmxZWJBaWNYOQyC4RbCKxSUScRHJGVne7xmm5P5PuGoQZzSIHYAtHyA6xzVG4AOegx/aCmUBJLT29qur3qlQ8V9JjHP/qRPfuP3j4aKPbe/zk6bPNre3np94WTsBIWGXdOWc elDQwQokKznMHTHMFZ3z+vs6ffQLnpTUnuMgh1WxmZCYFw0B9fDf5MNnqx8N4GfQuSNagT9ZxNNnu/L6YWlFoMCgU836cxDmmJXMohYKqd1F4yJmYsxmMAzRMg0/LpdeK7gZmSjPrwjNI l+zfHSXT3i80D5Wa4aVv52ryX7lxgdleWkqTFwhGrISyQlG0tB6cTqUDgWoRABNOBq9UXDLHBIb1NFSMFJCFRGOSUjGEz8FZk619OJ/5qu2znq7Fcq4HlDc/GHPH5oADeqXT8kpIJwqJ rQo+cwBzlS7FOLeq+o/dRttJkpa1iXoZ3W53l+43o1HsxcD6bKWQsy+2opT2wmUk7Tu4C05fD5N4mBy/6R/srW9kg7wgL8krkpC35IAckiMyIoLMyFfyjXyPrqOb6Ef0c1UaddY9O6QR0 e0f9er1uQ==</latexit><latexit sha1_base64="yubnNfru/3eEDr6aSwLu74Z76Bw=">AAAC/3icdVJLbhNBEG0 Pv9h8kpAlmxZWJBaWNYOQyC4RbCKxSUScRHJGVne7xmm5P5PuGoQZzSIHYAtHyA6xzVG4AOegx/aCmUBJLT29qur3qlQ8V9JjHP/qRPfuP3j4aKPbe/zk6bPNre3np94WTsBIWGXdOWc elDQwQokKznMHTHMFZ3z+vs6ffQLnpTUnuMgh1WxmZCYFw0B9fDf5MNnqx8N4GfQuSNagT9ZxNNnu/L6YWlFoMCgU836cxDmmJXMohYKqd1F4yJmYsxmMAzRMg0/LpdeK7gZmSjPrwjNI l+zfHSXT3i80D5Wa4aVv52ryX7lxgdleWkqTFwhGrISyQlG0tB6cTqUDgWoRABNOBq9UXDLHBIb1NFSMFJCFRGOSUjGEz8FZk619OJ/5qu2znq7Fcq4HlDc/GHPH5oADeqXT8kpIJwqJ rQo+cwBzlS7FOLeq+o/dRttJkpa1iXoZ3W53l+43o1HsxcD6bKWQsy+2opT2wmUk7Tu4C05fD5N4mBy/6R/srW9kg7wgL8krkpC35IAckiMyIoLMyFfyjXyPrqOb6Ef0c1UaddY9O6QR0 e0f9er1uQ==</latexit><latexit sha1_base64="yubnNfru/3eEDr6aSwLu74Z76Bw=">AAAC/3icdVJLbhNBEG0 Pv9h8kpAlmxZWJBaWNYOQyC4RbCKxSUScRHJGVne7xmm5P5PuGoQZzSIHYAtHyA6xzVG4AOegx/aCmUBJLT29qur3qlQ8V9JjHP/qRPfuP3j4aKPbe/zk6bPNre3np94WTsBIWGXdOWc elDQwQokKznMHTHMFZ3z+vs6ffQLnpTUnuMgh1WxmZCYFw0B9fDf5MNnqx8N4GfQuSNagT9ZxNNnu/L6YWlFoMCgU836cxDmmJXMohYKqd1F4yJmYsxmMAzRMg0/LpdeK7gZmSjPrwjNI l+zfHSXT3i80D5Wa4aVv52ryX7lxgdleWkqTFwhGrISyQlG0tB6cTqUDgWoRABNOBq9UXDLHBIb1NFSMFJCFRGOSUjGEz8FZk619OJ/5qu2znq7Fcq4HlDc/GHPH5oADeqXT8kpIJwqJ rQo+cwBzlS7FOLeq+o/dRttJkpa1iXoZ3W53l+43o1HsxcD6bKWQsy+2opT2wmUk7Tu4C05fD5N4mBy/6R/srW9kg7wgL8krkpC35IAckiMyIoLMyFfyjXyPrqOb6Ef0c1UaddY9O6QR0 e0f9er1uQ==</latexit>
B1<latexit sha1_base64="MD65cCzQWmu730g3kzjBdYxNTB0=">AAAC/3icdVLNbhMxEHa WAk34aQvHXqxGlThE0S6q1N6o4MKxiKatlK4i25lNrfhna88iwmoPPABXeARuiCuPwgv0OfAmObDbdiRLn76Z8ffNaHiupMc4/tuJHmw8fPR4s9t78vTZ863tnRdn3hZOwEhYZd0FZx6 UNDBCiQoucgdMcwXnfP6uzp9/AuelNae4yCHVbGZkJgXDQH18O0km2/14GC+D3gbJGvTJOk4mO52by6kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ /t9RMu39QvNQqRle+XauJu/KjQvMjtJSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peKKOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZbXQjpRSGxV 8JkDmKt0Kca5VdU9dhttp0la1ibqZXS73X36phmNYi8G1mcrhZx9sRWltBcuI2nfwW1w9nqYxMPkw0H/+Gh9I5tkl+yRVyQhh+SYvCcnZEQEmZFv5Dv5EX2Nfka/ot+r0qiz7nlJGhH9+ QeyYPWf</latexit><latexit sha1_base64="MD65cCzQWmu730g3kzjBdYxNTB0=">AAAC/3icdVLNbhMxEHa WAk34aQvHXqxGlThE0S6q1N6o4MKxiKatlK4i25lNrfhna88iwmoPPABXeARuiCuPwgv0OfAmObDbdiRLn76Z8ffNaHiupMc4/tuJHmw8fPR4s9t78vTZ863tnRdn3hZOwEhYZd0FZx6 UNDBCiQoucgdMcwXnfP6uzp9/AuelNae4yCHVbGZkJgXDQH18O0km2/14GC+D3gbJGvTJOk4mO52by6kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ /t9RMu39QvNQqRle+XauJu/KjQvMjtJSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peKKOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZbXQjpRSGxV 8JkDmKt0Kca5VdU9dhttp0la1ibqZXS73X36phmNYi8G1mcrhZx9sRWltBcuI2nfwW1w9nqYxMPkw0H/+Gh9I5tkl+yRVyQhh+SYvCcnZEQEmZFv5Dv5EX2Nfka/ot+r0qiz7nlJGhH9+ QeyYPWf</latexit><latexit sha1_base64="MD65cCzQWmu730g3kzjBdYxNTB0=">AAAC/3icdVLNbhMxEHa WAk34aQvHXqxGlThE0S6q1N6o4MKxiKatlK4i25lNrfhna88iwmoPPABXeARuiCuPwgv0OfAmObDbdiRLn76Z8ffNaHiupMc4/tuJHmw8fPR4s9t78vTZ863tnRdn3hZOwEhYZd0FZx6 UNDBCiQoucgdMcwXnfP6uzp9/AuelNae4yCHVbGZkJgXDQH18O0km2/14GC+D3gbJGvTJOk4mO52by6kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ /t9RMu39QvNQqRle+XauJu/KjQvMjtJSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peKKOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZbXQjpRSGxV 8JkDmKt0Kca5VdU9dhttp0la1ibqZXS73X36phmNYi8G1mcrhZx9sRWltBcuI2nfwW1w9nqYxMPkw0H/+Gh9I5tkl+yRVyQhh+SYvCcnZEQEmZFv5Dv5EX2Nfka/ot+r0qiz7nlJGhH9+ QeyYPWf</latexit><latexit sha1_base64="MD65cCzQWmu730g3kzjBdYxNTB0=">AAAC/3icdVLNbhMxEHa WAk34aQvHXqxGlThE0S6q1N6o4MKxiKatlK4i25lNrfhna88iwmoPPABXeARuiCuPwgv0OfAmObDbdiRLn76Z8ffNaHiupMc4/tuJHmw8fPR4s9t78vTZ863tnRdn3hZOwEhYZd0FZx6 UNDBCiQoucgdMcwXnfP6uzp9/AuelNae4yCHVbGZkJgXDQH18O0km2/14GC+D3gbJGvTJOk4mO52by6kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ /t9RMu39QvNQqRle+XauJu/KjQvMjtJSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peKKOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZbXQjpRSGxV 8JkDmKt0Kca5VdU9dhttp0la1ibqZXS73X36phmNYi8G1mcrhZx9sRWltBcuI2nfwW1w9nqYxMPkw0H/+Gh9I5tkl+yRVyQhh+SYvCcnZEQEmZFv5Dv5EX2Nfka/ot+r0qiz7nlJGhH9+ QeyYPWf</latexit>
B¯1
<latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0 Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUM pNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHh aU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvL C+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vS SOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0 Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUM pNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHh aU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvL C+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vS SOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0 Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUM pNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHh aU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvL C+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vS SOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0 Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUM pNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHh aU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvL C+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vS SOi2z85+/hk</latexit>
B¯K
<latexit sha1_base64="yz5VU8dYfDx3MPc2F8nbWBUXQ2E=">AAADBXicdVJLbhNBEG1 P+MTml4QlmxZWJBaWNYOQyI4obJDYBClOguyR1d2ucVruz6S7BsWMZs0Bsg1HYIfYcg4uwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860dadu/fub3d7Dx4+evxkZ3fv1NvCCRgJq6w758y DkgZGKFHBee6Aaa7gjC/e1vmzT+C8tOYElzmkms2NzKRgGKiPE85ceVRN3093+vEwXgW9DZIN6JNNHE93O78nMysKDQaFYt6PkzjHtGQOpVBQ9SaFh5yJBZvDOEDDNPi0XDmu6H5gZjSz LjyDdMX+3VEy7f1S81CpGV74dq4m/5UbF5gdpKU0eYFgxFooKxRFS+vx6Uw6EKiWATDhZPBKxQVzTGBYUkPFSAFZSDQmKRVDuArOmmztw/nMV22f9XQtlnM9oLz5wZg7tgAc0EudlpdC OlFIbFXwuQNYqHQlxrlV1X/sNtpOkrSsTdTL6Ha7+/RNMxrFXgysz9YKOftsK0ppL1xG0r6D2+D05TCJh8mHV/3Dg82NbJNn5Dl5QRLymhySd+SYjIggmlyTG/I1+hJ9i75HP9alUWfT8 5Q0Ivr5B32F+H4=</latexit><latexit sha1_base64="yz5VU8dYfDx3MPc2F8nbWBUXQ2E=">AAADBXicdVJLbhNBEG1 P+MTml4QlmxZWJBaWNYOQyI4obJDYBClOguyR1d2ucVruz6S7BsWMZs0Bsg1HYIfYcg4uwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860dadu/fub3d7Dx4+evxkZ3fv1NvCCRgJq6w758y DkgZGKFHBee6Aaa7gjC/e1vmzT+C8tOYElzmkms2NzKRgGKiPE85ceVRN3093+vEwXgW9DZIN6JNNHE93O78nMysKDQaFYt6PkzjHtGQOpVBQ9SaFh5yJBZvDOEDDNPi0XDmu6H5gZjSz LjyDdMX+3VEy7f1S81CpGV74dq4m/5UbF5gdpKU0eYFgxFooKxRFS+vx6Uw6EKiWATDhZPBKxQVzTGBYUkPFSAFZSDQmKRVDuArOmmztw/nMV22f9XQtlnM9oLz5wZg7tgAc0EudlpdC OlFIbFXwuQNYqHQlxrlV1X/sNtpOkrSsTdTL6Ha7+/RNMxrFXgysz9YKOftsK0ppL1xG0r6D2+D05TCJh8mHV/3Dg82NbJNn5Dl5QRLymhySd+SYjIggmlyTG/I1+hJ9i75HP9alUWfT8 5Q0Ivr5B32F+H4=</latexit><latexit sha1_base64="yz5VU8dYfDx3MPc2F8nbWBUXQ2E=">AAADBXicdVJLbhNBEG1 P+MTml4QlmxZWJBaWNYOQyI4obJDYBClOguyR1d2ucVruz6S7BsWMZs0Bsg1HYIfYcg4uwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860dadu/fub3d7Dx4+evxkZ3fv1NvCCRgJq6w758y DkgZGKFHBee6Aaa7gjC/e1vmzT+C8tOYElzmkms2NzKRgGKiPE85ceVRN3093+vEwXgW9DZIN6JNNHE93O78nMysKDQaFYt6PkzjHtGQOpVBQ9SaFh5yJBZvDOEDDNPi0XDmu6H5gZjSz LjyDdMX+3VEy7f1S81CpGV74dq4m/5UbF5gdpKU0eYFgxFooKxRFS+vx6Uw6EKiWATDhZPBKxQVzTGBYUkPFSAFZSDQmKRVDuArOmmztw/nMV22f9XQtlnM9oLz5wZg7tgAc0EudlpdC OlFIbFXwuQNYqHQlxrlV1X/sNtpOkrSsTdTL6Ha7+/RNMxrFXgysz9YKOftsK0ppL1xG0r6D2+D05TCJh8mHV/3Dg82NbJNn5Dl5QRLymhySd+SYjIggmlyTG/I1+hJ9i75HP9alUWfT8 5Q0Ivr5B32F+H4=</latexit><latexit sha1_base64="yz5VU8dYfDx3MPc2F8nbWBUXQ2E=">AAADBXicdVJLbhNBEG1 P+MTml4QlmxZWJBaWNYOQyI4obJDYBClOguyR1d2ucVruz6S7BsWMZs0Bsg1HYIfYcg4uwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860dadu/fub3d7Dx4+evxkZ3fv1NvCCRgJq6w758y DkgZGKFHBee6Aaa7gjC/e1vmzT+C8tOYElzmkms2NzKRgGKiPE85ceVRN3093+vEwXgW9DZIN6JNNHE93O78nMysKDQaFYt6PkzjHtGQOpVBQ9SaFh5yJBZvDOEDDNPi0XDmu6H5gZjSz LjyDdMX+3VEy7f1S81CpGV74dq4m/5UbF5gdpKU0eYFgxFooKxRFS+vx6Uw6EKiWATDhZPBKxQVzTGBYUkPFSAFZSDQmKRVDuArOmmztw/nMV22f9XQtlnM9oLz5wZg7tgAc0EudlpdC OlFIbFXwuQNYqHQlxrlV1X/sNtpOkrSsTdTL6Ha7+/RNMxrFXgysz9YKOftsK0ppL1xG0r6D2+D05TCJh8mHV/3Dg82NbJNn5Dl5QRLymhySd+SYjIggmlyTG/I1+hJ9i75HP9alUWfT8 5Q0Ivr5B32F+H4=</latexit>
B¯2
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Generation of Bell state
sBell
<latexit sha1_base64="DTLlwRwnQWlbu0anfGK2Lwg1SoE=">AAADCXicdVJLbhNBEG0Pv 9j8EliyaWFFYmFZMwiJ7IjIJssgxUkke2R1t2uclvsz7q5BcUZzAg6QbTgCO8SWU3ABzkGP7QUzgZJaenpV1e9VqXiupMc4/tWJ7t1/8PDRTrf3+MnTZ893916ceVs4ASNhlXUXnHlQ0sAIJS q4yB0wzRWc88VRnT//DM5La05xlUOq2dzITAqGgUonXs41m5YfQalqutuPh/E66F2QbEGfbONkutf5PZlZUWgwKBTzfpzEOaYlcyiFgqo3KTzkTCzYHMYBGqbBp+XadUX3AzOjmXXhGaRr9u+O kmnvV5qHSs3w0rdzNfmv3LjA7CAtpckLBCM2QlmhKFpar4DOpAOBahUAE04Gr1RcMscEhkU1VIwUkIVEY5JSMYSr4KzJ1j6cz3zV9llP12I51wPKmx+MuWMLwAFd6rRcCulEIbFVwecOYKHSt RjnVlX/sdtoO03SsjZRL6Pb7e7TD81oFHsxsD7bKOTs2laU0l64jKR9B3fB2dthEg+TT+/6hwfbG9khr8hr8oYk5D05JMfkhIyIIEtyQ27J1+hL9C36Hv3YlEadbc9L0ojo5x/XKvp0</late xit><latexit sha1_base64="DTLlwRwnQWlbu0anfGK2Lwg1SoE=">AAADCXicdVJLbhNBEG0Pv 9j8EliyaWFFYmFZMwiJ7IjIJssgxUkke2R1t2uclvsz7q5BcUZzAg6QbTgCO8SWU3ABzkGP7QUzgZJaenpV1e9VqXiupMc4/tWJ7t1/8PDRTrf3+MnTZ893916ceVs4ASNhlXUXnHlQ0sAIJS q4yB0wzRWc88VRnT//DM5La05xlUOq2dzITAqGgUonXs41m5YfQalqutuPh/E66F2QbEGfbONkutf5PZlZUWgwKBTzfpzEOaYlcyiFgqo3KTzkTCzYHMYBGqbBp+XadUX3AzOjmXXhGaRr9u+O kmnvV5qHSs3w0rdzNfmv3LjA7CAtpckLBCM2QlmhKFpar4DOpAOBahUAE04Gr1RcMscEhkU1VIwUkIVEY5JSMYSr4KzJ1j6cz3zV9llP12I51wPKmx+MuWMLwAFd6rRcCulEIbFVwecOYKHSt RjnVlX/sdtoO03SsjZRL6Pb7e7TD81oFHsxsD7bKOTs2laU0l64jKR9B3fB2dthEg+TT+/6hwfbG9khr8hr8oYk5D05JMfkhIyIIEtyQ27J1+hL9C36Hv3YlEadbc9L0ojo5x/XKvp0</late xit><latexit sha1_base64="DTLlwRwnQWlbu0anfGK2Lwg1SoE=">AAADCXicdVJLbhNBEG0Pv 9j8EliyaWFFYmFZMwiJ7IjIJssgxUkke2R1t2uclvsz7q5BcUZzAg6QbTgCO8SWU3ABzkGP7QUzgZJaenpV1e9VqXiupMc4/tWJ7t1/8PDRTrf3+MnTZ893916ceVs4ASNhlXUXnHlQ0sAIJS q4yB0wzRWc88VRnT//DM5La05xlUOq2dzITAqGgUonXs41m5YfQalqutuPh/E66F2QbEGfbONkutf5PZlZUWgwKBTzfpzEOaYlcyiFgqo3KTzkTCzYHMYBGqbBp+XadUX3AzOjmXXhGaRr9u+O kmnvV5qHSs3w0rdzNfmv3LjA7CAtpckLBCM2QlmhKFpar4DOpAOBahUAE04Gr1RcMscEhkU1VIwUkIVEY5JSMYSr4KzJ1j6cz3zV9llP12I51wPKmx+MuWMLwAFd6rRcCulEIbFVwecOYKHSt RjnVlX/sdtoO03SsjZRL6Pb7e7TD81oFHsxsD7bKOTs2laU0l64jKR9B3fB2dthEg+TT+/6hwfbG9khr8hr8oYk5D05JMfkhIyIIEtyQ27J1+hL9C36Hv3YlEadbc9L0ojo5x/XKvp0</late xit><latexit sha1_base64="DTLlwRwnQWlbu0anfGK2Lwg1SoE=">AAADCXicdVJLbhNBEG0Pv 9j8EliyaWFFYmFZMwiJ7IjIJssgxUkke2R1t2uclvsz7q5BcUZzAg6QbTgCO8SWU3ABzkGP7QUzgZJaenpV1e9VqXiupMc4/tWJ7t1/8PDRTrf3+MnTZ893916ceVs4ASNhlXUXnHlQ0sAIJS q4yB0wzRWc88VRnT//DM5La05xlUOq2dzITAqGgUonXs41m5YfQalqutuPh/E66F2QbEGfbONkutf5PZlZUWgwKBTzfpzEOaYlcyiFgqo3KTzkTCzYHMYBGqbBp+XadUX3AzOjmXXhGaRr9u+O kmnvV5qHSs3w0rdzNfmv3LjA7CAtpckLBCM2QlmhKFpar4DOpAOBahUAE04Gr1RcMscEhkU1VIwUkIVEY5JSMYSr4KzJ1j6cz3zV9llP12I51wPKmx+MuWMLwAFd6rRcCulEIbFVwecOYKHSt RjnVlX/sdtoO03SsjZRL6Pb7e7TD81oFHsxsD7bKOTs2laU0l64jKR9B3fB2dthEg+TT+/6hwfbG9khr8hr8oYk5D05JMfkhIyIIEtyQ27J1+hL9C36Hv3YlEadbc9L0ojo5x/XKvp0</late xit>
B¯2
<latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit>
A3
<latexit sha1_base64="m/wjhg+ESUvOyc7oyz5lW1D8KnE=">AAAC/3icdVJLbhNBEG0Pv 9h8kpAlmxZWJBaWNQNIyY6gbFgmIk4iOSOru13jtNyfSXcNwoxmkQOwhSNkh9jmKFyAc9Bje8FMoKSWnl5V9XtVKp4r6TGOf3Wie/cfPHy00e09fvL02ebW9vNTbwsnYCSssu6cMw9KGhihRA XnuQOmuYIzPj+s82efwHlpzQkuckg1mxmZScEwUB/fT95MtvrxMF4GvQuSNeiTdRxNtju/L6ZWFBoMCsW8HydxjmnJHEqhoOpdFB5yJuZsBuMADdPg03LptaK7gZnSzLrwDNIl+3dHybT3C81D pWZ46du5mvxXblxgtp+W0uQFghEroaxQFC2tB6dT6UCgWgTAhJPBKxWXzDGBYT0NFSMFZCHRmKRUDOFzcNZkax/OZ75q+6yna7Gc6wHlzQ/G3LE54IBe6bS8EtKJQmKrgs8cwFylSzHOrar+Y 7fRdpKkZW2iXka3292l75rRKPZiYH22UsjZF1tRSnvhMpL2HdwFp6+HSTxMjt/2D/bXN7JBXpCX5BVJyB45IB/IERkRQWbkK/lGvkfX0U30I/q5Ko06654d0ojo9g+09/Wg</latexit><latexit sha1_base64="m/wjhg+ESUvOyc7oyz5lW1D8KnE=">AAAC/3icdVJLbhNBEG0Pv 9h8kpAlmxZWJBaWNQNIyY6gbFgmIk4iOSOru13jtNyfSXcNwoxmkQOwhSNkh9jmKFyAc9Bje8FMoKSWnl5V9XtVKp4r6TGOf3Wie/cfPHy00e09fvL02ebW9vNTbwsnYCSssu6cMw9KGhihRA XnuQOmuYIzPj+s82efwHlpzQkuckg1mxmZScEwUB/fT95MtvrxMF4GvQuSNeiTdRxNtju/L6ZWFBoMCsW8HydxjmnJHEqhoOpdFB5yJuZsBuMADdPg03LptaK7gZnSzLrwDNIl+3dHybT3C81D pWZ46du5mvxXblxgtp+W0uQFghEroaxQFC2tB6dT6UCgWgTAhJPBKxWXzDGBYT0NFSMFZCHRmKRUDOFzcNZkax/OZ75q+6yna7Gc6wHlzQ/G3LE54IBe6bS8EtKJQmKrgs8cwFylSzHOrar+Y 7fRdpKkZW2iXka3292l75rRKPZiYH22UsjZF1tRSnvhMpL2HdwFp6+HSTxMjt/2D/bXN7JBXpCX5BVJyB45IB/IERkRQWbkK/lGvkfX0U30I/q5Ko06654d0ojo9g+09/Wg</latexit><latexit sha1_base64="m/wjhg+ESUvOyc7oyz5lW1D8KnE=">AAAC/3icdVJLbhNBEG0Pv 9h8kpAlmxZWJBaWNQNIyY6gbFgmIk4iOSOru13jtNyfSXcNwoxmkQOwhSNkh9jmKFyAc9Bje8FMoKSWnl5V9XtVKp4r6TGOf3Wie/cfPHy00e09fvL02ebW9vNTbwsnYCSssu6cMw9KGhihRA XnuQOmuYIzPj+s82efwHlpzQkuckg1mxmZScEwUB/fT95MtvrxMF4GvQuSNeiTdRxNtju/L6ZWFBoMCsW8HydxjmnJHEqhoOpdFB5yJuZsBuMADdPg03LptaK7gZnSzLrwDNIl+3dHybT3C81D pWZ46du5mvxXblxgtp+W0uQFghEroaxQFC2tB6dT6UCgWgTAhJPBKxWXzDGBYT0NFSMFZCHRmKRUDOFzcNZkax/OZ75q+6yna7Gc6wHlzQ/G3LE54IBe6bS8EtKJQmKrgs8cwFylSzHOrar+Y 7fRdpKkZW2iXka3292l75rRKPZiYH22UsjZF1tRSnvhMpL2HdwFp6+HSTxMjt/2D/bXN7JBXpCX5BVJyB45IB/IERkRQWbkK/lGvkfX0U30I/q5Ko06654d0ojo9g+09/Wg</latexit><latexit sha1_base64="m/wjhg+ESUvOyc7oyz5lW1D8KnE=">AAAC/3icdVJLbhNBEG0Pv 9h8kpAlmxZWJBaWNQNIyY6gbFgmIk4iOSOru13jtNyfSXcNwoxmkQOwhSNkh9jmKFyAc9Bje8FMoKSWnl5V9XtVKp4r6TGOf3Wie/cfPHy00e09fvL02ebW9vNTbwsnYCSssu6cMw9KGhihRA XnuQOmuYIzPj+s82efwHlpzQkuckg1mxmZScEwUB/fT95MtvrxMF4GvQuSNeiTdRxNtju/L6ZWFBoMCsW8HydxjmnJHEqhoOpdFB5yJuZsBuMADdPg03LptaK7gZnSzLrwDNIl+3dHybT3C81D pWZ46du5mvxXblxgtp+W0uQFghEroaxQFC2tB6dT6UCgWgTAhJPBKxWXzDGBYT0NFSMFZCHRmKRUDOFzcNZkax/OZ75q+6yna7Gc6wHlzQ/G3LE54IBe6bS8EtKJQmKrgs8cwFylSzHOrar+Y 7fRdpKkZW2iXka3292l75rRKPZiYH22UsjZF1tRSnvhMpL2HdwFp6+HSTxMjt/2D/bXN7JBXpCX5BVJyB45IB/IERkRQWbkK/lGvkfX0U30I/q5Ko06654d0ojo9g+09/Wg</latexit>
H
<latexit sha1_base64="1YgRptTL9OBne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dx OhuTNTkmEuTRchhWWaCoDeFXDwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qiudKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKr jMHTDNFVzw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRaHBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx7P9c8VGqG N76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZBOFBJbFXzqAGYqXYhxblX1hN1G2 1mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbCZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9ju6WpVFn1fOWNCK6/wf+8fUB</latexit><latexit sha1_base64="1YgRptTL9OBne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dx OhuTNTkmEuTRchhWWaCoDeFXDwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qiudKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKr jMHTDNFVzw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRaHBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx7P9c8VGqG N76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZBOFBJbFXzqAGYqXYhxblX1hN1G2 1mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbCZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9ju6WpVFn1fOWNCK6/wf+8fUB</latexit><latexit sha1_base64="1YgRptTL9OBne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dx OhuTNTkmEuTRchhWWaCoDeFXDwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qiudKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKr jMHTDNFVzw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRaHBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx7P9c8VGqG N76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZBOFBJbFXzqAGYqXYhxblX1hN1G2 1mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbCZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9ju6WpVFn1fOWNCK6/wf+8fUB</latexit><latexit sha1_base64="1YgRptTL9OBne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dx OhuTNTkmEuTRchhWWaCoDeFXDwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qiudKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKr jMHTDNFVzw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRaHBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx7P9c8VGqG N76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZBOFBJbFXzqAGYqXYhxblX1hN1G2 1mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbCZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9ju6WpVFn1fOWNCK6/wf+8fUB</latexit>
A2
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2<latexit sha1_base64="bvwQMq2J9KUFB/1jWL5rbiA6zI8=">AAAC/XicdVLNShxBEO4dT eJu/jQ55tK4CDksy4wEklsELx4VXBXWQbp7a9Zm+2fsrglZh8EH8GoewVvINc+SF8hzpGd3D85oCho+vqrq76uieK6kxzj+04nW1p89f7HR7b189frN282tdyfeFk7ASFhl3RlnHpQ0MEKJCs 5yB0xzBad8tl/nT7+B89KaY5znkGo2NTKTgmGgjnYvNvvxMF4EfQySFeiTVRxebHX+nk+sKDQYFIp5P07iHNOSOZRCQdU7LzzkTMzYFMYBGqbBp+XCaUV3AjOhmXXhGaQL9mFHybT3c81DpWZ4 6du5mnwqNy4w+5KW0uQFghFLoaxQFC2tx6YT6UCgmgfAhJPBKxWXzDGBYTkNFSMFZCHRmKRUDOF7cNZkax/OZ75q+6yna7Gc6wHlzQ/G3LEZ4IBe6bS8EtKJQmKrgk8dwEylCzHOrar+Y7fRd pykZW2iXka3292hX5vRKPZiYH22VMjZta0opb1wGUn7Dh6Dk91hEg+To0/9vcHqRjbIB7JNPpKEfCZ75IAckhERBMgtuSM/opvoPvoZ/VqWRp1Vz3vSiOj3P8Iv9N8=</latexit><latexit sha1_base64="bvwQMq2J9KUFB/1jWL5rbiA6zI8=">AAAC/XicdVLNShxBEO4dT eJu/jQ55tK4CDksy4wEklsELx4VXBXWQbp7a9Zm+2fsrglZh8EH8GoewVvINc+SF8hzpGd3D85oCho+vqrq76uieK6kxzj+04nW1p89f7HR7b189frN282tdyfeFk7ASFhl3RlnHpQ0MEKJCs 5yB0xzBad8tl/nT7+B89KaY5znkGo2NTKTgmGgjnYvNvvxMF4EfQySFeiTVRxebHX+nk+sKDQYFIp5P07iHNOSOZRCQdU7LzzkTMzYFMYBGqbBp+XCaUV3AjOhmXXhGaQL9mFHybT3c81DpWZ4 6du5mnwqNy4w+5KW0uQFghFLoaxQFC2tx6YT6UCgmgfAhJPBKxWXzDGBYTkNFSMFZCHRmKRUDOF7cNZkax/OZ75q+6yna7Gc6wHlzQ/G3LEZ4IBe6bS8EtKJQmKrgk8dwEylCzHOrar+Y7fRd pykZW2iXka3292hX5vRKPZiYH22VMjZta0opb1wGUn7Dh6Dk91hEg+To0/9vcHqRjbIB7JNPpKEfCZ75IAckhERBMgtuSM/opvoPvoZ/VqWRp1Vz3vSiOj3P8Iv9N8=</latexit><latexit sha1_base64="bvwQMq2J9KUFB/1jWL5rbiA6zI8=">AAAC/XicdVLNShxBEO4dT eJu/jQ55tK4CDksy4wEklsELx4VXBXWQbp7a9Zm+2fsrglZh8EH8GoewVvINc+SF8hzpGd3D85oCho+vqrq76uieK6kxzj+04nW1p89f7HR7b189frN282tdyfeFk7ASFhl3RlnHpQ0MEKJCs 5yB0xzBad8tl/nT7+B89KaY5znkGo2NTKTgmGgjnYvNvvxMF4EfQySFeiTVRxebHX+nk+sKDQYFIp5P07iHNOSOZRCQdU7LzzkTMzYFMYBGqbBp+XCaUV3AjOhmXXhGaQL9mFHybT3c81DpWZ4 6du5mnwqNy4w+5KW0uQFghFLoaxQFC2tx6YT6UCgmgfAhJPBKxWXzDGBYTkNFSMFZCHRmKRUDOF7cNZkax/OZ75q+6yna7Gc6wHlzQ/G3LEZ4IBe6bS8EtKJQmKrgk8dwEylCzHOrar+Y7fRd pykZW2iXka3292hX5vRKPZiYH22VMjZta0opb1wGUn7Dh6Dk91hEg+To0/9vcHqRjbIB7JNPpKEfCZ75IAckhERBMgtuSM/opvoPvoZ/VqWRp1Vz3vSiOj3P8Iv9N8=</latexit><latexit sha1_base64="bvwQMq2J9KUFB/1jWL5rbiA6zI8=">AAAC/XicdVLNShxBEO4dT eJu/jQ55tK4CDksy4wEklsELx4VXBXWQbp7a9Zm+2fsrglZh8EH8GoewVvINc+SF8hzpGd3D85oCho+vqrq76uieK6kxzj+04nW1p89f7HR7b189frN282tdyfeFk7ASFhl3RlnHpQ0MEKJCs 5yB0xzBad8tl/nT7+B89KaY5znkGo2NTKTgmGgjnYvNvvxMF4EfQySFeiTVRxebHX+nk+sKDQYFIp5P07iHNOSOZRCQdU7LzzkTMzYFMYBGqbBp+XCaUV3AjOhmXXhGaQL9mFHybT3c81DpWZ4 6du5mnwqNy4w+5KW0uQFghFLoaxQFC2tx6YT6UCgmgfAhJPBKxWXzDGBYTkNFSMFZCHRmKRUDOF7cNZkax/OZ75q+6yna7Gc6wHlzQ/G3LEZ4IBe6bS8EtKJQmKrgk8dwEylCzHOrar+Y7fRd pykZW2iXka3292hX5vRKPZiYH22VMjZta0opb1wGUn7Dh6Dk91hEg+To0/9vcHqRjbIB7JNPpKEfCZ75IAckhERBMgtuSM/opvoPvoZ/VqWRp1Vz3vSiOj3P8Iv9N8=</latexit>
5
<latexit sha1_base64="ewatHPifeYmrUab1OmR9/N7PwDE=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MgepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/J+vTi</latexit><latexit sha1_base64="ewatHPifeYmrUab1OmR9/N7PwDE=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MgepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/J+vTi</latexit><latexit sha1_base64="ewatHPifeYmrUab1OmR9/N7PwDE=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MgepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/J+vTi</latexit><latexit sha1_base64="ewatHPifeYmrUab1OmR9/N7PwDE=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MgepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/J+vTi</latexit>
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<latexit sha1_base64="Ly65AM1Wbdp2pwk/EWQjGM2dWUw=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MIepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/Mk/Tj</latexit><latexit sha1_base64="Ly65AM1Wbdp2pwk/EWQjGM2dWUw=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MIepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/Mk/Tj</latexit><latexit sha1_base64="Ly65AM1Wbdp2pwk/EWQjGM2dWUw=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MIepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/Mk/Tj</latexit><latexit sha1_base64="Ly65AM1Wbdp2pwk/EWQjGM2dWUw=">AAAC/XicdVLNThRBEO4dF NlFEPDopeOGhMNmM0MIepPEC0dIWCBZJqS7t2bpbP8M3TXGdTLxAbzKI3gzXn0WX8DnsGd3D86glXTy5auq/r6qFM+V9BjHvzrR2pOn6882ur3N51vbL3Z29y69LZyAkbDKumvOPChpYIQSFV znDpjmCq747H2dv/oAzktrLnCeQ6rZ1MhMCoaBOj++3enHw3gR9DFIVqBPVnF2u9v5fTOxotBgUCjm/TiJc0xL5lAKBVXvpvCQMzFjUxgHaJgGn5YLpxXdD8yEZtaFZ5Au2L87Sqa9n2seKjXD O9/O1eS/cuMCs7dpKU1eIBixFMoKRdHSemw6kQ4EqnkATDgZvFJxxxwTGJbTUDFSQBYSjUlKxRA+BmdNtvbhfOarts96uhbLuR5Q3vxgzB2bAQ7ovU7LeyGdKCS2KvjUAcxUuhDj3KrqP3Ybb RdJWtYm6mV0u919+q4ZjWIvBtZnS4WcfbIVpbQXLiNp38FjcHk4TOJhcn7UPxmsbmSDvCKvyQFJyBtyQk7JGRkRQYB8IV/JQ/Q5+hZ9j34sS6POquclaUT08w/Mk/Tj</latexit>
Generation of GHZ state
sGHZ
<latexit sha1_base64="9zn2f5AC4v8W23aHxVeIq5e54Po=">AAADCHicdVJLbhNBEG1P+ MTml4QlmxZWJBaWNYOQyI5ILMgySHESYY+s7naN03J/Jt01KM5oLsAB2CZHYIfYcgsuwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860da9+w8ebnd7jx4/efpsZ3fv1NvCCRgJq6w758yDkgZGKF HBee6Aaa7gjC/e1/mzz+C8tOYElzmkms2NzKRgGKjJxMu5ZtPyw9GnarrTj4fxKuhdkGxAn2zieLrb+T2ZWVFoMCgU836cxDmmJXMohYKqNyk85Ews2BzGARqmwaflynRF9wMzo5l14RmkK/bv jpJp75eah0rN8MK3czX5r9y4wOwgLaXJCwQj1kJZoShaWm+AzqQDgWoZABNOBq9UXDDHBIY9NVSMFJCFRGOSUjGEq+CsydY+nM981fZZT9diOdcDypsfjLljC8ABvdRpeSmkE4XEVgWfO4CFS ldinFtV/cduo+0kScvaRL2Mbre7T981o1HsxcD6bK2Qs2tbUUp74TKS9h3cBaevh0k8TD6+6R8ebG5km7wgL8krkpC35JAckWMyIoLk5Cu5IbfRl+hb9D36sS6NOpue56QR0c8/JmP51A==</ latexit><latexit sha1_base64="9zn2f5AC4v8W23aHxVeIq5e54Po=">AAADCHicdVJLbhNBEG1P+ MTml4QlmxZWJBaWNYOQyI5ILMgySHESYY+s7naN03J/Jt01KM5oLsAB2CZHYIfYcgsuwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860da9+w8ebnd7jx4/efpsZ3fv1NvCCRgJq6w758yDkgZGKF HBee6Aaa7gjC/e1/mzz+C8tOYElzmkms2NzKRgGKjJxMu5ZtPyw9GnarrTj4fxKuhdkGxAn2zieLrb+T2ZWVFoMCgU836cxDmmJXMohYKqNyk85Ews2BzGARqmwaflynRF9wMzo5l14RmkK/bv jpJp75eah0rN8MK3czX5r9y4wOwgLaXJCwQj1kJZoShaWm+AzqQDgWoZABNOBq9UXDDHBIY9NVSMFJCFRGOSUjGEq+CsydY+nM981fZZT9diOdcDypsfjLljC8ABvdRpeSmkE4XEVgWfO4CFS ldinFtV/cduo+0kScvaRL2Mbre7T981o1HsxcD6bK2Qs2tbUUp74TKS9h3cBaevh0k8TD6+6R8ebG5km7wgL8krkpC35JAckWMyIoLk5Cu5IbfRl+hb9D36sS6NOpue56QR0c8/JmP51A==</ latexit><latexit sha1_base64="9zn2f5AC4v8W23aHxVeIq5e54Po=">AAADCHicdVJLbhNBEG1P+ MTml4QlmxZWJBaWNYOQyI5ILMgySHESYY+s7naN03J/Jt01KM5oLsAB2CZHYIfYcgsuwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860da9+w8ebnd7jx4/efpsZ3fv1NvCCRgJq6w758yDkgZGKF HBee6Aaa7gjC/e1/mzz+C8tOYElzmkms2NzKRgGKjJxMu5ZtPyw9GnarrTj4fxKuhdkGxAn2zieLrb+T2ZWVFoMCgU836cxDmmJXMohYKqNyk85Ews2BzGARqmwaflynRF9wMzo5l14RmkK/bv jpJp75eah0rN8MK3czX5r9y4wOwgLaXJCwQj1kJZoShaWm+AzqQDgWoZABNOBq9UXDDHBIY9NVSMFJCFRGOSUjGEq+CsydY+nM981fZZT9diOdcDypsfjLljC8ABvdRpeSmkE4XEVgWfO4CFS ldinFtV/cduo+0kScvaRL2Mbre7T981o1HsxcD6bK2Qs2tbUUp74TKS9h3cBaevh0k8TD6+6R8ebG5km7wgL8krkpC35JAckWMyIoLk5Cu5IbfRl+hb9D36sS6NOpue56QR0c8/JmP51A==</ latexit><latexit sha1_base64="9zn2f5AC4v8W23aHxVeIq5e54Po=">AAADCHicdVJLbhNBEG1P+ MTml4QlmxZWJBaWNYOQyI5ILMgySHESYY+s7naN03J/Jt01KM5oLsAB2CZHYIfYcgsuwDnosb1gJlBSS0+vqvq9KhXPlfQYx7860da9+w8ebnd7jx4/efpsZ3fv1NvCCRgJq6w758yDkgZGKF HBee6Aaa7gjC/e1/mzz+C8tOYElzmkms2NzKRgGKjJxMu5ZtPyw9GnarrTj4fxKuhdkGxAn2zieLrb+T2ZWVFoMCgU836cxDmmJXMohYKqNyk85Ews2BzGARqmwaflynRF9wMzo5l14RmkK/bv jpJp75eah0rN8MK3czX5r9y4wOwgLaXJCwQj1kJZoShaWm+AzqQDgWoZABNOBq9UXDDHBIY9NVSMFJCFRGOSUjGEq+CsydY+nM981fZZT9diOdcDypsfjLljC8ABvdRpeSmkE4XEVgWfO4CFS ldinFtV/cduo+0kScvaRL2Mbre7T981o1HsxcD6bK2Qs2tbUUp74TKS9h3cBaevh0k8TD6+6R8ebG5km7wgL8krkpC35JAckWMyIoLk5Cu5IbfRl+hb9D36sS6NOpue56QR0c8/JmP51A==</ latexit>
B¯1
<latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXj ATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjB MQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXj ATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjB MQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXj ATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjB MQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLbhNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXj ATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zosTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9SeEwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjB MQuJxiSlBI9XwVmTrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit>
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<latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLbhNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8 FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3ecnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNykc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUt OGYh0ZiklODxMjhrsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cODzY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit>
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<latexit sha1_base64="BDQelRUoZuRg9nqJ2xUqqovDixA=">AAADBXicdVJLbhNBEG1P+MTml4QlmxZWJBaWNQNIZJcINiyDFCdB9sjqbtc4Lfdn0l2DYkaz5gDZhiOwQ2w5BxfgHPTYXj ATKKmlp1dV/V6ViudKeozjX51o687de/e3u70HDx89frKzu3fqbeEEjIRV1p1z5kFJAyOUqOA8d8A0V3DGF+/q/NkncF5ac4LLHFLN5kZmUjAM1McJZ658W01fTXf68TBeBb0Nkg3ok00cT3c7vyczKwoNBoVi3o+TOMe0ZA6lUFD1JoWHnIkFm8M4QMM0+LRcOa7ofmBmNLMuPIN0xf7dUTLt/VLzUKkZXvh2rib/lRsXmB2kpTR5gWDEWigrFEVL6/HpTDoQqJYBMOFk8ErFBXNMYFhSQ8VI AVlINCYpFUO4Cs6abO3D+cxXbZ/1dC2Wcz2gvPnBmDu2ABzQS52Wl0I6UUhsVfC5A1iodCXGuVXVf+w22k6StKxN1Mvodrv79LAZjWIvBtZna4WcfbYVpbQXLiNp38FtcPpymMTD5MPr/tHB5ka2yTPynLwgCXlDjsh7ckxGRBBNrskN+Rp9ib5F36Mf69Kos+l5ShoR/fwDPy34Zg==</latexit><latexit sha1_base64="BDQelRUoZuRg9nqJ2xUqqovDixA=">AAADBXicdVJLbhNBEG1P+MTml4QlmxZWJBaWNQNIZJcINiyDFCdB9sjqbtc4Lfdn0l2DYkaz5gDZhiOwQ2w5BxfgHPTYXj ATKKmlp1dV/V6ViudKeozjX51o687de/e3u70HDx89frKzu3fqbeEEjIRV1p1z5kFJAyOUqOA8d8A0V3DGF+/q/NkncF5ac4LLHFLN5kZmUjAM1McJZ658W01fTXf68TBeBb0Nkg3ok00cT3c7vyczKwoNBoVi3o+TOMe0ZA6lUFD1JoWHnIkFm8M4QMM0+LRcOa7ofmBmNLMuPIN0xf7dUTLt/VLzUKkZXvh2rib/lRsXmB2kpTR5gWDEWigrFEVL6/HpTDoQqJYBMOFk8ErFBXNMYFhSQ8VI AVlINCYpFUO4Cs6abO3D+cxXbZ/1dC2Wcz2gvPnBmDu2ABzQS52Wl0I6UUhsVfC5A1iodCXGuVXVf+w22k6StKxN1Mvodrv79LAZjWIvBtZna4WcfbYVpbQXLiNp38FtcPpymMTD5MPr/tHB5ka2yTPynLwgCXlDjsh7ckxGRBBNrskN+Rp9ib5F36Mf69Kos+l5ShoR/fwDPy34Zg==</latexit><latexit sha1_base64="BDQelRUoZuRg9nqJ2xUqqovDixA=">AAADBXicdVJLbhNBEG1P+MTml4QlmxZWJBaWNQNIZJcINiyDFCdB9sjqbtc4Lfdn0l2DYkaz5gDZhiOwQ2w5BxfgHPTYXj ATKKmlp1dV/V6ViudKeozjX51o687de/e3u70HDx89frKzu3fqbeEEjIRV1p1z5kFJAyOUqOA8d8A0V3DGF+/q/NkncF5ac4LLHFLN5kZmUjAM1McJZ658W01fTXf68TBeBb0Nkg3ok00cT3c7vyczKwoNBoVi3o+TOMe0ZA6lUFD1JoWHnIkFm8M4QMM0+LRcOa7ofmBmNLMuPIN0xf7dUTLt/VLzUKkZXvh2rib/lRsXmB2kpTR5gWDEWigrFEVL6/HpTDoQqJYBMOFk8ErFBXNMYFhSQ8VI AVlINCYpFUO4Cs6abO3D+cxXbZ/1dC2Wcz2gvPnBmDu2ABzQS52Wl0I6UUhsVfC5A1iodCXGuVXVf+w22k6StKxN1Mvodrv79LAZjWIvBtZna4WcfbYVpbQXLiNp38FtcPpymMTD5MPr/tHB5ka2yTPynLwgCXlDjsh7ckxGRBBNrskN+Rp9ib5F36Mf69Kos+l5ShoR/fwDPy34Zg==</latexit><latexit sha1_base64="BDQelRUoZuRg9nqJ2xUqqovDixA=">AAADBXicdVJLbhNBEG1P+MTml4QlmxZWJBaWNQNIZJcINiyDFCdB9sjqbtc4Lfdn0l2DYkaz5gDZhiOwQ2w5BxfgHPTYXj ATKKmlp1dV/V6ViudKeozjX51o687de/e3u70HDx89frKzu3fqbeEEjIRV1p1z5kFJAyOUqOA8d8A0V3DGF+/q/NkncF5ac4LLHFLN5kZmUjAM1McJZ658W01fTXf68TBeBb0Nkg3ok00cT3c7vyczKwoNBoVi3o+TOMe0ZA6lUFD1JoWHnIkFm8M4QMM0+LRcOa7ofmBmNLMuPIN0xf7dUTLt/VLzUKkZXvh2rib/lRsXmB2kpTR5gWDEWigrFEVL6/HpTDoQqJYBMOFk8ErFBXNMYFhSQ8VI AVlINCYpFUO4Cs6abO3D+cxXbZ/1dC2Wcz2gvPnBmDu2ABzQS52Wl0I6UUhsVfC5A1iodCXGuVXVf+w22k6StKxN1Mvodrv79LAZjWIvBtZna4WcfbYVpbQXLiNp38FtcPpymMTD5MPr/tHB5ka2yTPynLwgCXlDjsh7ckxGRBBNrskN+Rp9ib5F36Mf69Kos+l5ShoR/fwDPy34Zg==</latexit>
FIG. 1. Interaction without touching scenario. On the left, K independent particles created in distant regions of space called
subsystems A1, ... , AK are transformed by local unitaries Uk in the respective regions Ak producing a product state of K qudits
(encoded as a superposition of paths grouped in Ak for k = 1, ... ,K [12]). Then the paths are redirected to other space locations,
following some permutation σ ∈ SN , where the paths form K groups of separated subsystems B1, ... , BK . The latter are further
manipulated by local unitaries Vk within the respective regions Bk. In the last step, the focus is on some chosen pairs of paths
B¯k ⊂ Bk picked out from each subsystem Bk with the promise of post-selection which retains only the events with a single
particle in each B¯1, ... , B¯K . This guarantees that such prepared (dual-rail) qubits B¯k are well-defined. It is crucial to observe that
post-selection and the specific geometry of the setups prevents the particles from touching one another over the entire evolution.
On the right, there are two examples illustrating generation of the Bell and the GHZ state in the no-touching scenario. Two
(three) independent particles at the top (bottom) are processed without touching leading to the Bell (GHZ) state encoded in
subsystems B1 = B¯1, B2 = B¯2 (and B3 = B¯3) at the output; see Eqs. (3) and (4). In both cases, local unitaries H in the input are
the Hadamard transforms and the permutations σBell ∈ S4 and σGHZ ∈ S6 are respectively (1234) 7→ (1432) for the Bell state
and (123456) 7→ (143652) for the GHZ state.
Interaction without touching scenario.—Consider opti-
cal experiment with N paths (or modes) which in the
input and output are grouped into K disjoint subsys-
tems denoted by A1, ... , AK and B1, ... , BK. Let the paths
be labeled by consecutive integers and then we choose
Ak = {ik , ik + 1 , ...} with 1 = i1 < i2 < ... < iK 6 N and
Bk = {jk , jk + 1 , ...} with 1 = j1 < j2 < ... < jK 6 N.
Further, within each subsystem at the output we pick
out pairs of paths B¯k = {jk , jk + 1} ⊂ Bk which in the
following will encode target qubits B¯1, ... , B¯K. In this
paper we are interested in optical scenarios composed
of five steps illustrated in Fig. 1:
(1) Single particle is injected into each group A1, ... , AK,
say the first path ik in the respective subsystem Ak.
(2) Local unitaries are applied to each group A1, ... , AK in
the input, i.e., Uk acts only on paths in subsystem Ak.
(3) Permutation of all paths in the circuit, i.e., switching
paths according to some fixed permutation σ ∈ SN .
(4) Local unitaries are applied to each group B1, ... , BK in
the output, i.e., Vk acts only on paths in subsystem Bk.
(5) Post-selection on events with a single particle in each
pair of paths (target qubits) B¯1, ... , B¯K in the output.
In the optical context it is appropriate to think of the
paths as spatially separated modes of the system with
the particles described in the occupation number repre-
sentation (i.e., the Fock space). If we adopt a naive point
of view of particles traversing well-defined paths, then
the particle may change its path only at the crossing
points which correspond to the beam splitters imple-
menting non-trivial unitaries on the respective modes.
These are also the only points where the particles in dif-
ferent paths may touch. Therefore, after steps (1) and
(2) we can be sure that in each group of paths A1, ... , AK
there is a single particle which has never touched the
other ones. Clearly, permutation in step (3) does not in-
troduce any crossing/touching too. Then, in step (4) we
are back in the case of separate processing of a single
particle within each subsystem B1, ... , BK. The latter is
due to post-selection in (5) which retains only the events
with a single particle in each B¯k ⊂ Bk. This means that
in the post-selected regime the no-touching condition is
preserved throughout the whole procedure [13].
Note that treated collectively each group of paths Ak
with a single particle in it and local unitaries Uk form
a subsystem which encodes a qudit [12]. Therefore, by
virtue of (1) and (2), it is legitimate to think of the ini-
tial stage of this scenario as the representation of K qu-
3dits A1, ... , AK. By the same token, post-selection (4) as-
serts presence of a single particle in each pair of paths
B¯k and hence at the output subsystems B¯1, ... , B¯K en-
code state of K qubits (so called ’dual-rail qubits’). In
a nutshell, the protocol prepares state of K qubits rep-
resented in subsystems B¯1, ... , B¯K from K independent
particles which have never touched along the way. It
is interesting to ask whether this method is capable of
generating all states in H⊗K where H = C2 is a qubit.
A note on notation.—Optical circuits analysed in this
paper are constructed in such way that at all times there
is at most a single particle occupying each mode/path
of the system. In the Fock space representation such
states are combinations of the occupation number states
with 0’s and 1’s, i.e.,
|...10...01...10...〉 = a†l1a†l2 ... a†lK |0〉 , (1)
with l1 < l2 < ... < lK specifying the occupied modes.
In the following, we use the notation with creation op-
erators which encodes particle statistics in the commu-
tation relations. Since we are considering no-touching
scenarios arranged so that the particles are always in
different modes/paths, then the only relevant commu-
tator in the paper involves creation operators with dif-
ferent indices, i.e.,
a†ka
†
l = ± a†l a†k for k 6= l, (2)
with the ± sign corresponding to the boson/fermion
statistics respectively (for anyons it gets replaced with
the phase eiφ). This, in particular, means that bunching
or anti-bunching effects play no role in such scenarios.
Note that the occupation number representation im-
plicitly assumes indistinguishability of particles. This is
crucial for the interference effects, which in the consid-
ered scenarios lead to entanglement at the output. For
distinguishable particles these protocols give only clas-
sical correlations (see Supplement for discussion).
The dual-rail representation of a qubit consists in
encoding of the Hilbert space H = C2 as a super-
position of single-particle states in a given pair of
modes/paths. Accordingly, representation a qubit in
paths B¯k boils down to the following identification:
α |↑〉k+ β |↓〉k ≡ (αa†jk + βa†jk+1) |0〉with unitaries imple-
mented by local transformations (such as beam splitters
and phase shifters) on the corresponding modes/paths
a†j → ∑l∈B¯k Ul j a†l for j ∈ B¯k and measurement realised
by particle detection. This straightforwardly gener-
alises to the dual-rail encoding of a general state of mul-
tiple qubitsH⊗K in pairs of modes/paths, say B¯1, ... , B¯K,
with the stipulation that in each pair only a single par-
ticle is present. In our scenarios this is guaranteed by
the post-selection procedure which we denote by the
arrow ’ ’. Note that the latter does not interfere with
further processing of the system by local unitaries act-
ing within each individual pair B¯1, ... , B¯K, since in that
case post-selection can be deferred until all qubits will
have been measured. In particular, correlation experi-
ments with arbitrary measurements on qubits B¯1, ... , B¯K
can be performed in this way.
Two notable examples.—Consider dual-rail encoding of
two qubits A1 = {1, 2} and A2 = {3, 4} in distant space
regions which transform via simple optical circuit into
pair of qubits B¯1 = B1 = {1, 2} and B¯2 = B2 = {3, 4} in
other spatially separated locations. See Fig. 1 (at the
top-right) for explanation. Post-selection on the events
with a single particle in each subsystem (target qubit)
B¯1 and B¯2 prepares the following (unnormalised) state:
a†1a
†
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2
(
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†
2
)(
a†3 + a
†
4
) |0〉
σBell // 1
2
(
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†
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)(
a†3 + a
†
2
) |0〉
post-select 1
2
(
a†1a
†
3 + a
†
4a
†
2
) |0〉 , (3)
which is the Bell state 1√
2
(|↑↑〉 ± |↓↓〉) with the ± sign
depending on the boson/fermion statistics of the par-
ticles (for anyons it gets replaced with the phase eiφ).
The protocol can be generalised, by modifying beam
splitters in the input and appending two beam split-
ters at the output, to generate any state of two qubits
in H = C2 ⊗ C2. This is essentially a rewriting of the
proposal of Yurke and Stoler [10] for entangling parti-
cles from two independent sources devised for testing
Bell inequalities. In the Supplement we explicitly show
why the entire scheme fails to produce entangled states
in the case of distinguishable particles.
Another example along the same lines is entangling
three dual-rail qubits using three particles from inde-
pendent sources in separated space regions A1 = {1, 2},
A2 = {3, 4} and A3 = {5, 6} [11]. See Fig. 1 (at the
bottom-right) for explanation. Upon post-selection on
the events with a single particle in each subsystem (tar-
get qubit) B¯1 = B1 = {1, 2}, B¯2 = B2 = {3, 4} and
B¯3 = B3 = {5, 6} the scheme leads to the following (un-
normalised) state:
a†1a
†
3a
†
5 |0〉
H, H, H // 1
2
√
2
(
a†1 + a
†
2
)(
a†3 + a
†
4
)(
a†5 + a
†
6
) |0〉
σGHZ // 1
2
√
2
(
a†1 + a
†
4
)(
a†3 + a
†
6
)(
a†5 + a
†
2
) |0〉
post-select 1
2
√
2
(
a†1a
†
3a
†
5 + a
†
4a
†
6a
†
2
) |0〉 , (4)
which is the GHZ state 1√
2
( |↑↑↑〉+ |↓↓↓〉). In this case
the result is insensitive to the boson/fermion statistics
of the particles used in the protocol (for anyons due to
two inversions the relative phase e2iφ appears).
Both above examples demonstrate a practical realisa-
tion of the interaction without touching scenario with
unitaries H being the usual Hadamard transforms act-
4A3
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<latexit sha1_base64="1YgRptTL9OB ne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dxOhuTNTkmEuTRchhWWaCoDeFX DwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qi udKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKrjMHTDNFV zw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRa HBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx 7P9c8VGqGN76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4 JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZB OFBJbFXzqAGYqXYhxblX1hN1G21mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbC ZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9 ju6WpVFn1fOWNCK6/wf+8fUB</latexit><latexit sha1_base64="1YgRptTL9OB ne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dxOhuTNTkmEuTRchhWWaCoDeFX DwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qi udKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKrjMHTDNFV zw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRa HBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx 7P9c8VGqGN76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4 JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZB OFBJbFXzqAGYqXYhxblX1hN1G21mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbC ZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9 ju6WpVFn1fOWNCK6/wf+8fUB</latexit><latexit sha1_base64="1YgRptTL9OB ne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dxOhuTNTkmEuTRchhWWaCoDeFX DwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qi udKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKrjMHTDNFV zw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRa HBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx 7P9c8VGqGN76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4 JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZB OFBJbFXzqAGYqXYhxblX1hN1G21mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbC ZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9 ju6WpVFn1fOWNCK6/wf+8fUB</latexit><latexit sha1_base64="1YgRptTL9OB ne7NniCpCXz7P724=">AAAC/XicdVLNShxBEO6dxOhuTNTkmEuTRchhWWaCoDeFX DwquCqsg3T31qzN9s/YXROyGYY8QK7JI+QWvPoseYE8R3p295AZtaDh46uq/r4qi udKeozjP53o2fO1F+sb3d7LzVevt7Z33px7WzgBI2GVdZeceVDSwAglKrjMHTDNFV zw2ac6f/EZnJfWnOE8h1SzqZGZFAwDdXp8vd2Ph/Ei6EOQrECfrOLkeqfz92piRa HBoFDM+3ES55iWzKEUCqreVeEhZ2LGpjAO0DANPi0XTiu6G5gJzawLzyBdsP93lEx 7P9c8VGqGN76dq8nHcuMCs4O0lCYvEIxYCmWFomhpPTadSAcC1TwAJpwMXqm4YY4 JDMtpqBgpIAuJxiSlYghfgrMmW/twPvNV22c9XYvlXA8ob34w5o7NAAf0VqflrZB OFBJbFXzqAGYqXYhxblX1hN1G21mSlrWJehndbneXHjajUezFwPpsqZCzr7ailPbC ZSTtO3gIzj8Ok3iYnO71jw5WN7JB3pH35ANJyD45IsfkhIyIIEC+kx/kZ/Qt+hX9 ju6WpVFn1fOWNCK6/wf+8fUB</latexit>
B¯2
<latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLb hNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3e cnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNy kc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUtOGYh0ZiklODxMjh rsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cOD zY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLb hNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3e cnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNy kc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUtOGYh0ZiklODxMjh rsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cOD zY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLb hNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3e cnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNy kc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUtOGYh0ZiklODxMjh rsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cOD zY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit><latexit sha1_base64="DVxMdMnT+DNPKFgMdcPt3Z5MBRI=">AAADBXicdVJLb hNBEG1P+MTml8CSTQsrEgvLmomQyI4INiyDFCdB9siqbtc4Lfdn0t2D4oxmzQHYJkfIDrHlHFyAc9Bje8FMoKSWnl5V9XtVKpZL4Xwc/+pEW/fuP3i43e09evzk6bOd3e cnzhSW44gbaewZA4dSaBx54SWe5RZBMYmnbPGhzp9+QeuE0cd+mWOqYK5FJjj4QH2eMLDl+2q6P93px8N4FfQuSDagTzZxNN3t/J7MDC8Uas8lODdO4tynJVgvuMSqNy kc5sAXMMdxgBoUurRcOa7oXmBmNDM2PO3piv27owTl3FKxUKnAn7t2rib/lRsXPjtIS6HzwqPma6GskNQbWo9PZ8Ii93IZAHArglfKz8EC92FJDRUtOGYh0ZiklODxMjh rsrUP6zJXtX3W07VYxtSAsuYHY2ZhgX5AL1RaXnBheSF8q4LNLeJCpisxxoys/mO30XacpGVtol5Gt9vdo++a0Sh2fGBctlbI4cpUlNJeuIykfQd3wcn+MImHyac3/cOD zY1sk5fkFXlNEvKWHJKP5IiMCCeKfCPX5Cb6Gt1G36Mf69Kos+l5QRoR/fwDPJT4ZQ==</latexit>
B2
<latexit sha1_base64="zyS6x7NUhu9 lSJ4WNyFS+fXrrpw=">AAAC/3icdVLNbhMxEHYWCk2g0MKxF6tRJQ5RtFsh0RsVX DgWtWkrpavIdmZTK/7Z2rOIsNoDD8AVHoEb4tpH4QV4jnqTHLpbGMnSp29m/H0zG p4r6TGO/3SiBw83Hj3e7PaePN169nx758WZt4UTMBJWWXfBmQclDYxQooKL3AHTXM E5n7+v8+efwHlpzSkuckg1mxmZScEwUCfvJgeT7X48jJdB74NkDfpkHceTnc7fy6 kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ3u0 omfZ+oXmo1AyvfDtXk//KjQvMDtNSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peK KOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZb XQjpRSGxV8JkDmKt0Kca5VdV/7DbaTpO0rE3Uy+h2u/v0bTMaxV4MrM9WCjn7YitK aS9cRtK+g/vg7GCYxMPk4+v+0eH6RjbJLtkjr0hC3pAj8oEckxERZEa+ke/kR/Q1 +hn9in6vSqPOuuclaUR0cwu0+fWg</latexit><latexit sha1_base64="zyS6x7NUhu9 lSJ4WNyFS+fXrrpw=">AAAC/3icdVLNbhMxEHYWCk2g0MKxF6tRJQ5RtFsh0RsVX DgWtWkrpavIdmZTK/7Z2rOIsNoDD8AVHoEb4tpH4QV4jnqTHLpbGMnSp29m/H0zG p4r6TGO/3SiBw83Hj3e7PaePN169nx758WZt4UTMBJWWXfBmQclDYxQooKL3AHTXM E5n7+v8+efwHlpzSkuckg1mxmZScEwUCfvJgeT7X48jJdB74NkDfpkHceTnc7fy6 kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ3u0 omfZ+oXmo1AyvfDtXk//KjQvMDtNSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peK KOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZb XQjpRSGxV8JkDmKt0Kca5VdV/7DbaTpO0rE3Uy+h2u/v0bTMaxV4MrM9WCjn7YitK aS9cRtK+g/vg7GCYxMPk4+v+0eH6RjbJLtkjr0hC3pAj8oEckxERZEa+ke/kR/Q1 +hn9in6vSqPOuuclaUR0cwu0+fWg</latexit><latexit sha1_base64="zyS6x7NUhu9 lSJ4WNyFS+fXrrpw=">AAAC/3icdVLNbhMxEHYWCk2g0MKxF6tRJQ5RtFsh0RsVX DgWtWkrpavIdmZTK/7Z2rOIsNoDD8AVHoEb4tpH4QV4jnqTHLpbGMnSp29m/H0zG p4r6TGO/3SiBw83Hj3e7PaePN169nx758WZt4UTMBJWWXfBmQclDYxQooKL3AHTXM E5n7+v8+efwHlpzSkuckg1mxmZScEwUCfvJgeT7X48jJdB74NkDfpkHceTnc7fy6 kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ3u0 omfZ+oXmo1AyvfDtXk//KjQvMDtNSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peK KOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZb XQjpRSGxV8JkDmKt0Kca5VdV/7DbaTpO0rE3Uy+h2u/v0bTMaxV4MrM9WCjn7YitK aS9cRtK+g/vg7GCYxMPk4+v+0eH6RjbJLtkjr0hC3pAj8oEckxERZEa+ke/kR/Q1 +hn9in6vSqPOuuclaUR0cwu0+fWg</latexit><latexit sha1_base64="zyS6x7NUhu9 lSJ4WNyFS+fXrrpw=">AAAC/3icdVLNbhMxEHYWCk2g0MKxF6tRJQ5RtFsh0RsVX DgWtWkrpavIdmZTK/7Z2rOIsNoDD8AVHoEb4tpH4QV4jnqTHLpbGMnSp29m/H0zG p4r6TGO/3SiBw83Hj3e7PaePN169nx758WZt4UTMBJWWXfBmQclDYxQooKL3AHTXM E5n7+v8+efwHlpzSkuckg1mxmZScEwUCfvJgeT7X48jJdB74NkDfpkHceTnc7fy6 kVhQaDQjHvx0mcY1oyh1IoqHqXhYeciTmbwThAwzT4tFx6reh+YKY0sy48g3TJ3u0 omfZ+oXmo1AyvfDtXk//KjQvMDtNSmrxAMGIllBWKoqX14HQqHQhUiwCYcDJ4peK KOSYwrKehYqSALCQak5SKIXwOzpps7cP5zFdtn/V0LZZzPaC8+cGYOzYHHNBrnZb XQjpRSGxV8JkDmKt0Kca5VdV/7DbaTpO0rE3Uy+h2u/v0bTMaxV4MrM9WCjn7YitK aS9cRtK+g/vg7GCYxMPk4+v+0eH6RjbJLtkjr0hC3pAj8oEckxERZEa+ke/kR/Q1 +hn9in6vSqPOuuclaUR0cwu0+fWg</latexit>
B¯1
<latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLb hNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zo sTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9Se EwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVm TrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf 3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLb hNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zo sTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9Se EwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVm TrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf 3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLb hNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zo sTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9Se EwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVm TrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf 3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit><latexit sha1_base64="rT1g7JreEV4W1hMHkHL+Nlpep/o=">AAADBXicdVJLb hNBEG0Pv9j8EliyaWFFYmFZMygS2RGRDcsgxUmQPbKq2zVOy/2ZdPdEMaNZ5wBs4QjsULY5BxfgHPTYXjATKKmlp1dV/V6ViuVSOB/HvzrRvfsPHj7a6vYeP3n67Pn2zo sTZwrLccSNNPaMgUMpNI688BLPcougmMRTtjis86eXaJ0w+tgvc0wVzLXIBAcfqM8TBrb8UE2T6XY/HsaroHdBsgF9somj6U7n92RmeKFQey7BuXES5z4twXrBJVa9Se EwB76AOY4D1KDQpeXKcUV3AzOjmbHhaU9X7N8dJSjnloqFSgX+3LVzNfmv3Ljw2X5aCp0XHjVfC2WFpN7Qenw6Exa5l8sAgFsRvFJ+Dha4D0tqqGjBMQuJxiSlBI9XwVm TrX1Yl7mq7bOersUypgaUNT8YMwsL9AN6odLyggvLC+FbFWxuERcyXYkxZmT1H7uNtuMkLWsT9TK63e4ufd+MRrHjA+OytUIOX0xFKe2Fy0jad3AXnLwdJvEw+bTXP9jf 3MgWeUVekzckIe/IAflIjsiIcKLIV/KNfI+uox/Rz+hmXRp1Nj0vSSOi2z85+/hk</latexit>
B¯3
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FIG. 2. Generation of the W state without touching. Three
independent particles injected into separated subsystems A1,
A2 and A3 produce the W state encoded in subsystems B¯1, B¯2
and B¯3 (dual-rail qubits). The protocol follows the interaction
without touching scenario, where H are the usual Hadamard
transforms Eq. (5) and U is the unitary specified in Eq. (6).
See details in the text.
ing on the two paths entering the gate, i.e.,(
a†k
a†l
)
H // 1√
2
(
1 1
1 −1
)(
a†k
a†l
)
. (5)
Let us note that post-selection in both protocols comes
at a price of lowering the efficiency rate, i.e., generation
of the Bell state in Eq. (3) succeeds with probability 1/2
and for the GHZ state in Eq. (4) the probability is 1/4.
Generation of the W state without touching.—There are
essentially only two interesting entangled states of three
qubits, i.e., the GHZ state and the W state. Any
other tripartite entangled state in H = C2 ⊗ C2 ⊗ C2
can be produced from one of these two states by
stochastic local operations and classical communication
(SLOCC) splitting tripartite entanglement into two dis-
joint classes [14]. We have seen above that the GHZ
state can be obtained from three independent particles
in the no-touching scenario. In the following, we com-
plete the task of generation of tripartite entanglement
by constructing the W state from three particles with-
out touching.
Consider the following 7-path scenario, illustrated in
Fig. 2, in which the input and output paths are grouped
into three spatially separated subsystems: A1 = B1 =
{1, 2}, A2 = B2 = {3, 4, 5} and A3 = B3 = {6, 7}.
For the target dual-rail qubits we choose: B¯1 = {1, 2},
B¯2 = {3, 4} and B¯3 = {6, 7}. Let the initial state of the
system consist of three particles described as a†1a
†
3a
†
6 |0〉.
In the first step, local unitaries H are the Hadamard
transforms on subsystems A1, A3 and the unitary U on
subsystem A2 is chosen in such a way to produce the
following superposition:
a†3
U // 1√
5
(√
2 a†3 + a
†
4 +
√
2 a†5
)
. (6)
Further, we switch the paths according to the permu-
tation σW ∈ S7 given by (1234567) 7→ (1324765). In
the final step, only paths 3 and 5 in subsystem B2 are
unitarily processed by the Hadamard transform H and
path 4 is left unaffected. As per usual, the protocol as-
sumes post-selection which consists in retaining only
those events when a single particle is present in each
target qubit B¯1, B¯2 and B¯3 at the output (which does
not preclude further processing within each B¯1, B¯2, B¯3).
Taking all steps together evolution of the input state
goes as follows:
a†1a
†
3a
†
6 |0〉
H,U, H // 1
2
√
5
(
a†1 + a
†
2
)(√
2 a†3 + a
†
4 +
√
2 a†5
)(
a†6 + a
†
7
) |0〉
σW // 1
2
√
5
(
a†1 + a
†
3
)(√
2 a†2 + a
†
4 +
√
2 a†7
)(
a†6 + a
†
5
) |0〉
H // 1
2
√
5
(
a†1 +
a†3+a
†
5√
2
)(√
2 a†2 + a
†
4 +
√
2 a†7
)(
a†6 +
a†3−a†5√
2
)
|0〉
post-select 1
2
√
5
(
a†1a
†
4a
†
6 + a
†
1a
†
7a
†
3 + a
†
3a
†
2a
†
6
) |0〉 , (7)
which is the W state 1√
3
( |↑↓↑〉 ± |↑↑↓〉 ± |↓↑↑〉) with
the ± sign depending on the boson/fermion statis-
tics of the particles used in the protocol (for anyons
it should be replaced with the phase eiφ). Due to
post-selection the procedure succeeds with probability
(
√
3/2
√
5 )2 = 15 %. The efficiency rate and simplicity of
the setup should be compared with generation of the
W state with touching for polarisation-encoded qubits,
e.g., proposed in Refs. [15–19].
Discussion.—Generation of entanglement, besides im-
portance for practical implementations of quantum pro-
cessing tasks, touches upon the fundamental question
of the origins of non-locality and quantum correlations.
Interestingly, entanglement can be established in sce-
narios which do not require prior interaction between
the particles understood as an event happening at some
well-defined touching point (i.e., in situations when the
specific geometry of the setups prevents the particles
5from touching one another over the entire evolution).
In this paper, we have discussed interaction without
touching scenarios for dual-rail qubits and described
explicit protocols for generation of arbitrary tripartite
entanglement (essentially the GHZ and the W state)
from indistinguishable particles within the no-touching
paradigm. Notably, the construction of the W state is
to our knowledge the only example in the literature not
requiring auxiliary particles, cf. Refs. [15–19].
A similar idea of processing without touching is
present in the so called entanglement swapping proto-
col [20]. Note, however, that it requires explicitly entan-
gled particles to start off, and hence it should be seen as
a powerful state manipulation rather than state gener-
ation technique. Another relevant example is the inge-
nious proposal by L. Hardy for testing local realism in
the overlapping interferometers [21]. In that scheme the
entangled state is designed through post-selection due
to the interaction event in the touching point (electron-
positron annihilation or photon bunching effect [22]).
In this respect, scenarios considered in this paper are
conceptually different, since entanglement is obtained
’almost for nothing’. More specifically, (i) no prior en-
tanglement is assumed except for that granted by the
fundamental principle of particle indistinguishability,
and (ii) no conditioning on any kind of prior interac-
tion/touching along the way is required which is guar-
anteed by the non-crossing geometry of the setups.
To conclude, the protocols discussed in the paper
treat particle indistinguishability as a genuine resource of
entanglement which can be successfully unlocked into
a useful form that can be directly observed in the cor-
relation experiments; see Refs. [10, 11] for the seminal
observation, Refs. [23, 24] for some recent realisations
with electrons and Ref. [25, 26] for photonic implemen-
tations. We leave open an interesting question whether
these scenarios can be generalised to produce all multi-
partite entangled states for more than three qubits.
Acknowledgements.—We thank M. Karczewski, Y.-S.
Kim, M. Krenn, P. Kurzyn´ski, M. Kus´, R. Lo Franco,
M. Yang, J. Vaccaro, H. Wiseman and M. Z˙ukowski for
helpful comments. PB acknowledges support from the
Polish National Agency for Academic Exchange. MM
acknowledges the Narodowe Centrum Nauki (Poland),
through Grant No. 2015/16/S/ST2/00447, within the
FUGA 4 project for postdoctoral training.
∗ pawel.blasiak@ifj.edu.pl
† marcinm495@gmail.com
[1] J. S. Bell, Speakable and unspeakable in quantum mechanics
(Cambridge University Press, 1987).
[2] H. M. Wiseman and J. A. Vaccaro, “Entanglement of In-
distinguishable Particles Shared between Two Parties,”
Phys. Rev. Lett. 91, 097902 (2003).
[3] N. Killoran, M. Cramer, and M. B. Plenio, “Extracting
Entanglement from Identical Particles,” Phys. Rev. Lett.
112, 150501 (2014).
[4] R. Lo Franco and G. Compagno, “Quantum entangle-
ment of identical particles by standard information-
theoretic notions,” Sci. Rep. , 20603 (2016).
[5] R. Lo Franco and G. Compagno, “Indistinguishability of
Elementary Systems as a Resource for Quantum Infor-
mation Processing,” Phys. Rev. Lett. 120, 240403 (2018).
[6] P. A. Bouvrie, A. Valdés-Hernández, A. P. Majtey,
C. Zander, and A. R. Plastino, “Entanglement gener-
ation through particle detection in systems of identical
fermions,” Ann. Phys. 383, 401–415 (2017).
[7] S. Bose and D. Home, “Duality in Entanglement Enabling
a Test of Quantum Indistinguishability Unaffected by In-
teractions,” Phys. Rev. Lett. 110, 140404 (2013).
[8] J.-W. Pan, Z.-B. Chen, C.-Y. Lu, H. Weinfurter,
A. Zeilinger, and M. Z˙ukowski, “Multiphoton entangle-
ment and interferometry,” Rev. Mod. Phys. 84, 777–838
(2012).
[9] M. C. Tichy, “Interference of identical particles from en-
tanglement to boson-sampling,” J. Phys. B: At. Mol. Opt.
Phys. 47, 103001 (34pp) (2014).
[10] B. Yurke and D. Stoler, “Bell’s-inequality experiments us-
ing independent-particle sources,” Phys. Rev. A 46, 2229–
2234 (1992).
[11] B. Yurke and D. Stoler, “Einstein-Podolsky-Rosen Effects
from Independent Particle Sources,” Phys. Rev. Lett. 68,
1251–1254 (1992).
[12] M. Reck, A. Zeilinger, H. J. Bernstein, and P. Bertani,
“Experimental Realization of Any Discrete Unitary Op-
erator,” Phys. Rev. Lett. 73, 58–61 (1994).
[13] To put it differently, since the only crossing/touching
points are associated either with the initial processing
by local unitaries in A1, ... , AK or local post-processing
in B1, ... , BK , then the injection scheme prevents touch-
ing in the Ak’s and post-selection excludes touching in
Bk’s. Of course, processing in Bk’s may involve crossing
of the paths where two particles entering given Bk can
meet, but such events are rejected by the post-selection
condition and hence irrelevant for the argument.
[14] W. Dür, G. Vidal, and J. I. Cirac, “Three qubits can be
entangled in two inequivalent ways,” Phys. Rev. A 62,
062314 (2000).
[15] M. Eibl, N. Kiesel, M. Bourennane, C. Kurtsiefer, and
H. Weinfurter, “Experimental Realization of a Three-
Qubit Entangled W State,” Phys. Rev. Lett. 92, 077901
(2004).
[16] P. Walther, K. J. Resch, and A. Zeilinger, “Local Conver-
sion of Greenberger-Horne-Zeilinger States to Approxi-
mate W States,” Phys. Rev. Lett. 94, 240501 (2005).
[17] T. Tashima, T. Wakatsuki, S. K. Özdemir, T. Yamamoto,
M. Koashi, and N. Imoto, “Local Transformation of
Two Einstein-Podolsky-Rosen Photon Pairs into a Three-
Photon W State,” Phys. Rev. Lett. 102, 130502 (2009).
[18] B. Bellomo, R. Lo Franco, and G. Compagno, “N identi-
cal particles and one particle to entangle them all,” Phys.
Rev. A 96, 022319 (2017).
[19] M. Krenn, A. Hochrainer, M. Lahiri, and A. Zeilinger,
“Entanglement by Path Identity,” Phys. Rev. Lett. 118,
080401 (2017).
[20] M. Z˙ukowski, A. Zeilinger, M. A. Horne, and A. K. Ek-
ert, “”Event-Ready-Detectors” Bell Experiment via En-
tanglement Swapping,” Phys. Rev. Lett. 71, 4287–4290
6(1993).
[21] L. Hardy, “Quantum mechanics, local realistic theories,
and lorentz-invariant realistic theories,” Phys. Rev. Lett.
68, 2981–2984 (1992).
[22] W. T. M. Irvine, J. F. Hodelin, C. Simon, and
D. Bouwmeester, “Realization of Hardy’s Thought Ex-
periment with Photons,” Phys. Rev. Lett. 95, 030401
(2005).
[23] D. Dasenbrook, J. Bowles, J. B. Brask, P. P. Hofer,
C. Flindt, and N. Brunner, “Single-electron entanglement
and nonlocality,” New J. Phys. 18, 043036 (2016).
[24] I. Neder, N. Ofek, Y. Chung, M. Heiblum, D. Mahalu,
and V. Umansky, “Interference between two indistin-
guishable electrons from independent sources,” Nature
448, 333 (2007).
[25] X.-M. Li, M. Yang, N. Paunkovic´, D.-C. Li, and Z.-L. Cao,
“Entanglement swapping via three-step quantum walk-
like protocol,” Phys. Lett. A 381, 3875 (2017).
[26] Y.-S. Kim, T. Pramanik, Y.-W. Cho, M. Yang, S.-W. Han,
S.-Y. Lee, M.-S. Kang, and S. Moon, “Informationally
symmetrical Bell state preparation and measurement,”
Opt. Express 26, 29539–29549 (2018).
Supplementary Material: Entangling three qubits without ever touching
Pawel Blasiak & Marcin Markiewicz
Institute of Nuclear Physics Polish Academy of Sciences, PL-31342 Kraków, Poland
Institute of Physics, Jagiellonian University, PL-30348 Kraków, Poland
Failure of the schemes for distinguishable particles
In order to better appreciate particle indistinguishability for generation of entanglement in the considered sce-
narios, we will explicitly examine the simplest case of the Bell state in Eq. (3), Fig. (1) at the top-right, and see how
it performs when the particles are distinguishable. Let us distinguish the particles by using different letters a† and
b† for the creator operators describing particles entering subsystem A1 and A2 respectively. Then, evolution of the
system leads to the following state:
a†1b
†
3 |0〉
H,H // 1
2
(
a†1 + a
†
2
)(
b†3 + b
†
4
) |0〉 σBell // 12 (a†1 + a†4)(b†3 + b†2) |0〉 post-select 12(a†1b†3 + a†4b†2) |0〉 . (8)
Despite a similar form the resulting state should not be confused with the state in Eq. (3). To see the difference
it is however not enough to make a measurement in the computational basis (i.e., placing detectors in each path
at the output), since in such experiment the statistics will be the same. One needs to make a general correlation
experiment by performing unitaries V1 and V2 in subsystems B1 and B2 respectively (implemented by phase shifters
and beam splitters) and then detect particles in each path. For simplicity we take real unitaries in the form:
V1 =
(
p q
q −p
)
, V2 =
(
s t
t −s
)
, where p2 + q2 = 1 , s2 + t2 = 1 , (9)
which yield the following evolution in the case of indistinguishable and distinguishable particles respectively:
Eq. (3)
V1,V2 // 1
2
(
(p a†1 + q a
†
2)(s a
†
3 + t a
†
4) + (t a
†
3 − s a†4)(q a†1 − p a†2)
) |0〉
= 12
(
(ps± tq) a†1a†3 + (pt∓ sq) a†1a†4 + (qs∓ tp) a†2a†3 + (qt± sp) a†2a†4
) |0〉 , (10)
Eq. (8)
V1,V2 // 1
2
(
(p a†1 + q a
†
2)(s b
†
3 + t b
†
4) + (t a
†
3 − s a†4)(q b†1 − p b†2)
) |0〉
= 12
(
ps a†1b
†
3 + pt a
†
1b
†
4 + qs a
†
2b
†
3 + qt a
†
2b
†
4 + tq a
†
3b
†
1 − tp a†3b†2 − sq a†4b†1 + sp a†4b†2
) |0〉 , (11)
with the ± signs in Eq. (10) depending on the boson or fermion statistics of the particles used in the protocol (for
anyons it should be replaced with the phase eiφ). Note that due to indistinguishability some interference in Eq. (10)
occurs, while in Eq. (11) all the terms remain distinct. Now, we detect particles in each path and perform the usual
Bell correlation test between subsystems B1 and B2, i.e., calculate the correlation function 〈B1B2〉V1V2 where B1 = ±1
if the particle is detected respectively in path 1 and 2 of subsystem and similarly B2 = ±1 if the particle is detected
respectively in path 3 and 4 of subsystem B2. From Eqs. (10) and (11) upon normalisation, we get:
Indistinguishable: 〈B1B2〉V1V2 =
1
2
(
(ps± tq)2 + (qt± sp)2 − (pt∓ sq)2 − (qs∓ tp)2) = cos(θ1 ∓ θ2) , (12)
Distinguishable: 〈B1B2〉V1V2 = (ps)
2 + (tq)2 − (pt)2 − (qs)2 = cos(θ1) · cos(θ2) , (13)
where in the last equality the following parametrisation is used: p = cos θ12 , q = sin
θ1
2 and s = cos
θ2
2 , t = sin
θ2
2 .
Clearly, for distinguishable particles the correlation function factorizes and hence Bell inequalities are obeyed (i.e.,
there is no entanglement in that state), while for indistinguishable particles the correlation function takes the
familiar non-factoriziable form expected from the Bell state 1√
2
(|↑↑〉 ± |↓↓〉) (i.e., the state is entangled).
From the above discussion it is interesting to observe that in these scenarios non-local correlations arise due to
the interference of quantum amplitudes in the measuring devices (understood as particle detection preceded with
a unitary transformation). This is consistent with a heuristic principle saying that quantum interference occurs only
when paths traversed by the particles are indistinguishable. In other words, if one can (even in principle) distinguish
the path each particle has taken, then only classical correlations are obtained. From diagrams in Figs. 1 and 2 it
is easy to see that detection of the particle after a unitary transformation merging two paths entering subsystem
Bk does not tell anything about which path the particle came from only if the particles are indistinguishable. Only
in this case interference effects lead to correlations beyond the Bell bound. For distinguishable particles quantum
interference does not occur which obstructs generation of entanglement in the considered scenarios.
